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PEEFACE. 



In the authorship of the first edition of the " Quartz 
Operator's Hand-Book," published in San Franciaoo, 
A. D, 1806, the undersigned, through conrteay, asso- 
ciated with his own, the name of Mr, Zenas AVhecler, his 
partner at the time in mining engineering, design and 
structure of mining machinery, and the practical treat- 
ment of ores. But in conaideration of the decease of 
Mr. Wheeler, and the extent of the changes made in the 
revision of the " Hand-Book," the writer has not felt at 
liberty to further connect with its authorship the name 
of his lamented friend, of whom, as a just tribute to 
his memory it must be said, that no one did more toward 
perfecting the quartz-mining machinery in most general 
use on the Pacific coast; corroborative of the truth of 
which, reference need only be had to his inventions of 
the High Mortar, Gib-Tappet, Solf-Rogulating Quick- 
silver Discharge Apparatus, Continuous Working Con- 
centrator and Grinder, and Amalgamator ; also, to his 
associate inventions of the Ti'actory Grinders and Amal- 
gamators, and Conoidal Separator. As the conclusions 
of one so eminently qualified as Mr. Wheeler to judge of 
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tLe relative merits of quartz-mining machinery are of 
the highest practical importatiGe, it seems due to a!) 
concerned, to state that the Straight Battery, Excelsior 
Grinder and Amalgamator, and Conoidal Separator, de- 
scribed in this work, are the only machines which, of 
their respective kinds, had his entire approval. 

The principal changes refeiTcd to ahove consist in 
Btriking out of the " Hand-Book" the more abstruse 
matter, and in adding that which is regarded at this 
time more directly applicable to the wants of the mining 
public. 

The object of the author,, in the preparation of the 
work in hand, has been to present a clear and compre- 
hensive exposition of mineral veins, and the means aod 
modes chiefly employed for the mining and working of 
their ores — more especially those containing gold and 
silver. 

To secure this end, the standard authors, the most 
skillful miners, mechanics, millmen and mill-wrights have 
been freely and closely consulted. 

The consequent deductions have been carefully com- 
pared with the writer's own experience for many years 
in working mineral veins and in treating their oi-es and 
metals. The best authenticated results therefrom have 
been adopted and set down with a view to systematic 
arrangement, conciseness and perspicuity. For the arti- 
cles on the " Examination of Minerals," and the " Beha- 
vior of Solutions of Metallic Oxides with Re-Agents," 
due acknowledgments of indebtedness are here made 
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respectively to Dr. Lamborne's "Metallurgy of Silver 
and Lead," anci to " Hoad's Chemical Analysis." 
' To what extent the author has succeeded in his object, 
ie submitted with no little diffidence to the decision of 
the public. 

P. M. Eakdau:.. 

New York, January, 1871. 
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QUAKTZ OPERATOR'S HAND-BoOK. 



MIKEEAi vEiira 

MiNEEAL Veins are masses of rock, usually of tho 
tabular form intersecting other rocks. 

One portion of a mineral vein is called " gangue 
matrix " or vein - stone, consisting of quartz, calcite, 
barytes, fluor, etc. ; the other portion — ore, consisting of 
a metal compounded with some other substance as 
oxygen, sulpbur or carbon. 

The term "ore" is also employed, sometimes to signify 
a natim metal, and sometimes the entire material of a 

Mineral Veins occur both in stratified and unstratified 
rocks, also between the two. Those in the stratified gen- 
erally cross the strata, but sometimes run parallel with 
the layers. When a vein is not vertical, the adjacent 
rocks on the upper side are termed its "hanging wall," 
and those on the lower its " foot-wall." Usually, however, 
between a vein and one of its walls proper is a clayey 
seam called " selvage," or, more familiarly, "gouge." 

A layer of half decomposed rock adjoining a vein is 
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10 QUAETZ OPEEATOk'8 HANJ>B00K. 

called "flucan." The "flucan" geaerally accompanies 
cross coTirees and slides. 

Veins differ greatly aa to thickness — some averaging a 
few inches, and others several feet. They seldom have 
for aay considerable distance theii- opposite walls quite 
parallel, but alternately swell and contract, and some- 
times ^WicA out entirely. 

The spaces thus wanting in ore are termed "faults." 
When these occur the walls sometimes come nearly or 
quite together, and sometimes are kopt apart hy the 
" gouge." 

The gouge is greatly relied on by the miner to lead 
him to the vein when it has been, displaced. The term 
" fault," however, is used in a wider sense, to signify any 
displacement or interruption in a, vein's continuity. 

When veins are very thick they usuaUy contain much 
earthy matter and fragments of rock mingled with the 
ore. In veins of this description, also in the more swollea 
portions of irregular veins, are occasionally found imbed- 
ded large blocks of detached wall-rock and bowlder, like 
masses of barren quartz rook, which respectively are 
known to miners by the names of " horses," " riders " and 
" white horses," 

The principal mineral veins extend downward to un- 
known depths, and horizontally, in many instances a dis- 
tance of many miles. 

As a general rule, a proper vein increases in thickness 
with its descent into the earth's crust, thus presenting 
the form of a wedge having its edge upward. 
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MirrKKAL VEIN8. 11 

Those portions of a vein which rise above the smface 
of the earth are called "croppings," "outcrops," and 
" blossoma." 

The inclination with which a vein penetrates the earth 
is termed its " dip," and is measared by the angle which 
it makes with the horizon. The " dip " varies in different 
veins from an angle of a few degrees to that of a right 
angle. The direction in which a vein runs horizontally 
is called its "bearing" or "strike," and for the most 
pai-t is parallel with the mountain range in which it is 
found- 
No general law, however, seems to obtain as to the di- 
rection of veins in different mining districts. Thus, when 
carrying the same metal ia kind, they run in some dis- 
tricts north and south, and in othei-s east and west. In 
the same district different veins containing the same metal 
in kind usually i-un parallel, but when containing each 
a different metal, they frequently run in divers directions. 
In Cornwall, England, for example, the tin and copper 
veins rwn east and west, while the lead veins rnn north 
and south. 



SPECIES OF MINERAL VEINS. 

Mineral veins present a variety of forms, and hence in 
some localities are distinguished into speoies, of which 
the principal are the Bake, Pipe, Flai or Dilated, Inter' 
laced and Accumulated. 
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13 QUAKTZ OPEBATOE's HAND-BOOK. 

1st, The Rake Vein is of unknown depths, and often 
many miles in length. Commencing at the surface of 
the earth it cuts the strata downward, nearly perpendic- 
ular to their plane of stratification. For the most part 
it evidently also intersects the unstratified rocks, and 
probablj passes entirely through the earth's crust to the 
central mass. The " dip" in different rake veins varies 
from an inclioation of a few degrees to a perpendicular. 
This class embraces the large proportion of mineral 
veins proper and is the one most valued by operators in 
mines, 

2d. The Pipe Vein runs forward end-wise in a hole in 
the earth's crust. It resembles an irregular shaft filled 
with mineral substance, rather than a tabular mass of 
ore. It generatly does not traverse the strata, but lies 
between the layers. Its " dip" is usually less than that 
of the rake vein. Veins of this class vary greatly in size, 
some being only a few feet in diameter and others several 
yards, 

3d, The Flat or Dilated Vein is a flattened mass of ore 
between the strata or beds of other rocks. Its relations 
to the adjacent formations are much the same as those of 
& stratum of coal to its inclosures. Its position, also like 
that of a stratum of coal, is visually horizontal or not 
much inclined. But when breaks or other interruptions 
occur in a dilated vein, it differs from a coal seam by 
greatly varying in thickness within the limits of a few 
feet. At these breaks or slips often occur the richer de- 
posits of metallic substances. Similar to the rake vein. 
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MINKRAL VEINS. 13 

the dilated ie its course is subject to contractions and 
expansion 9, 

4th. The Interlaced Vein jscomposedofnwmerous small 
veins running together in the form of irregular net-work. 
Different members of the same vein, or system of veins, 
though ranning m the same general direction, often vary- 
considerably fi'om each other in " dip." 

Interlaced veins are chiefly enclosed by rocks of prfeni- 
tive formation, and more frequently bear the ores of tin 
than those of any other metal, 

6th. The Accumulated Vein is a large, irregular mass 
of ore, appai-ently filling cavernous spaces ia the earth's 
crust, and showing no indications of being connected to 
other mineral deposits. From its entire want of any 
order, its deposition would seem to have been accidental, 
I'ather than the result of any well-reoognized system. 

Veins of this class are sometimes found in stratified 
rocts, between the strata, and sometimes enveloped' in 
unstratified rooks. 

Rbmaek.s,— Besides the several classes of veins de- 
scribed, small masses of rock, termed "nests," " concre- 
tions," "nodules," bearing metallic substances, occur in 
the middle of strata, or beds of other rock. The ores 
of iron are frequently found in these forms. 

JFalse veins also occur in addition to the veins e 
ated. These, as to their " walls" and " dip," i 
proper veins; but being composed of sand, clay and 
other alluvial substances, are readily distinguished from 
the true ciystalline and mineral veins. 
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14 QUARTZ OPEKATORS HAND-BOOK, 

PORMATION OF MINERAL VEINS. 

The evidence is abundant that many mineral veins 
were a long time in being formed after tlie fissures in 
which tbey exist were produced. 

Sanded vems, composed of crystalline matter in the 
form of plates or " combs," divided from each other by 
thin layers of clay, conclusively prove, not only that their 
formation was slow, but that several re-openings of the 
same fissures must have taken place at periods separated 
by long intervals. 

The flesui'es occcpied by metallic veins seem to cor- 
respond to such rents as are produced from time to time 
by tbe shock of an earthquake, and in a majority of cases 
are evidently attributable to the same causes. 

It is not improbable that some of these fissures were 
produced by contraction, while the rocks through which 
they run were passing from the plastic to the solid state. 
The manner in which they were filled with ore and vein- 
stone is still a subject of speculation among geologists, 
Tbe principal tbeories advanced to explain the pbenom- 
ena of mineral veins are as follows : 

1st. That open fissures in the earth's crust were filled 
with ci'ystalline and metallic matter by aqueous infiltra- 
tions from above. 

Thus, Werner supposed the substances of mineral veins 
to have been precipitated from a " chaotic menstruum" 
into fissures in the earth while it was in some nascent 
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state. This theoiy at present has less advocates than 
formerly. 

However, that false veins were produced by infiltra- 
tions from the surface of the earth is evident from the 
character of the deposits. It is also evident that some 
of the material found deep in proper veins came from the 
earth's surface or from the bod of the sea. Thus, for ex- 
ample, well-rounded pebbles of quartz and slate, pieces 
of coral and marine fossil shells occur imbedded in sev- 
eral mineral veins at depths in some oases of over a 
thousand feet below the surface. But these occurrences 
withont doubt were accidental, and had no connection 
with the general system of repleting proper veins. 

2d. That the contents of mineral veins, like those of 
dikes, were formerly molten, and while in this state were 
injected from below by mechanical force. 

This view of the subject was proposed and maintained 
by Dr. Button. 

The explanation which it affords relative to the pro- 
ductions of some mineral veias is itiite satisfactoiy. 
But the evidence seems insufficient to warrant the infer- 
ence that any considerable proportion of metallic veins 
was produced in this manner. 

3d. That the contents of some mineral veins were 
deposited in Assures and cavities in the earth's crust by 
the condensation of mineral vapors emanating from vast 
subterranean fountains of intensely heated matter. This 
theory, suggested by M. Neckar and Dr. Buckland, 
appears to be an impvovement upon that of Dr. Hutton's, 
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16 QUARTZ OPEKATOR's HAMD-BOOK. 

especially in its application to the formation of veins of 
banded structure. The repletion of veins of this class, 
owing to the great length of time requisite for its accom- 
plishment, must he referred to chemical agencies rather 
than to mechanical forces, 

4tb, That some mineral veins were produced in the 
Bame manner as flint, or other concretions, by chemical 
segregation from the inclosing rock prior to its solidifi- 
cation. It not infrequently occurs that veins are found 
passing by insensible gradations into the containing 
rock. As this coald take place only while both were in 
the liquid state, it is evident that such veins are of co- 
temporaneoas origin with the rock in which they are in- 
closed, and that they were in the process of more com- 
plete aegegration at the time of their becoming solid. 
This theory, proposed by Prof. Sedgwick, furnishes a 
solution quite satisfactoiy as to the method by which 
many of the flat or dilated veins, also the accumulated 
veins and other masses of isolated mineral substances 
were produced. And it is not improbable but that the 
principle of chemical segregation was active in the pro- 
duction of some proper veins. 

5th. That the formation of many mineral veins is due 
to eiectro-cbemical agencies. 

The existence at present of electro- cuiTents in some 
Comish veins, and the analogy between voltaic combina- 
tions and the arrangement of matter in mineral veins are 
adduced by H. W. Fox and M. Becquere! in support of 
this theory. Mr. Fox goes so for as to infer that the 
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richer veins in metallio treasure are at I'iglit angles to tlic 
earth's magnetism. 

It is more than probable that eleetro-ehemical influ- 
ences are capable of transforming to considerable dis- 
tances the substances composing mineral veins, even from 
the solid rocks in which they are disseminated into fis- 
sures in the same, and of detennining the arrangement 
of the matter so transferred ; but that eiectro-magnetio 
currents effect i-icher metallic deposits in veins running 
east and west than in those running north and south is 
re'futed by unequivocal evidence. Ti'ue, the principal 
and richer veins of Cornwall run east and west, but the 
principal veins of the entire Pacific Slope run nearly 
north and south. 

6th. That the matter of mineral veins originally dis- 
seminated in portions of the rocks adjoining rents and 
cavities in the earth's crust, was introduced into these 
openings bv the process of infiltration. That the filtered 
matter may have been derived by simple solution from 
the inclosing rocks, or by decomposition of some of their 
constituents; and when gathered into the receptacles 
may have concreted unaltered in compositiou, or have 
undergone various changes, induced by the mutual action 
of its component parts. It has been inferred that most 
mineral veins were found in those fissures ibnnerly occu- 
pied by thei-mal springs, for much of their material ia 
Identical in character with that composing tho walls of 
those springs, or held in solution by their waters. Besides, 
the vast depths to which both mineral veins and thermal 
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springs extend downward, and the sinoila lat n wh ch 
they respectively bear to the great 1 n of uph aval 
and dislocation of rocks, go far in su| [ t of th nfer- 
enee. That some mineral veins arc of t f rmat on, 

by infiltration, and that others are in p e of f rma- 
ttbn by hydro-thermal agencies, seems no longer proble- 
matic. 

Geological researches on the Pacific coast disclose in 
the vicinity of the village of Volcano, Amador county, 
California, "distinctly marked quartz veins cutting 
through the gravel, and evidently formed by the action 
of water holding silica in solution ; " also, that in Steam- 
boat Valley, Nevada, semi-crystalline depositions of silica 
and oxide of iron are being made on the walls of the 
fissures of the boiling springs. 

In this vicinity, another fissure of the same origin ia 
still nearer replete with minei-al matter. This fissure, at 
a few points along its extent, evolves steam and carbonic 
acid, but no water. For the most part it is filled with 
silicious concretions which contain the oxides of iron and 
manganese, the sulphides of iron and copper, and metallic 
gold. 

EXPLORATION OF MINERAL VEINS. 

Many rules have been made for the Mr^loration of 
Mineral Veins. But these, so numerous are the excep- 
tions, are to be regarded hints rather than rules. Min- 
eral veins occur in nearly every other formation of 
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rocks; and no unexceptional law Beema to prevail as to 
their comparative richness in the different formations. 
Not nnfrequently a mineral vein runs horizontally 
throngh different strata of rock. Richer metallic depos- 
its are sometimes found in the vein, inclosed iu a stratum 
of one formation of rock and sometimes in a stratum of 
a different formation. Several authors are of opinion 
that metallic veins are richer near the junction of strati- 
fied and unatratifled rocks. In several quarta-mining 
disti-icts of California — to wit, in Mariposa — some of the 
gold-bearing quartz veins are in granite, but the larger, 
and so far as determined the richer veins, are in slate ; in 
Tuolumne the more valuable veins occur in granite, those 
in the metamorphic slates are comparatively barren; in 
Calaveras the quartz veins are found valuable both in 
granite and limestone; in the Alta mining district the 
"wall-roek" ia serpentine, white talo accompanies tho 
richer deposits ; in Amador the valuable veins are mostly 
in slate. The celebrated Eureka, Oneida, Keystone and 
Spring Hill veins are in slate. The former has been 
worked nearly thirteen hundred feet in depth. The vein, 
six feet thick at its "outcrop," has regulai'ly increased 
in thickness and richness with the sinking. 

The following suggestions are esteemed among the first 
of importance for the Mcploralion of Mineral Yeins: 

1st. That mineral veins are more abundant in the older 
crystalline rocks than in those of more recent formation. 

2d, That they are more abundant in mountainous 
and hilly re^ona than in the even land. 



Hn^lcdbyGoOglc 



20 QUAKTZ OPBEA'roXl's HANDJiOOK. 

Sd. That they are most productive near the junction 
of stratiiied and unstratified rocks. 

4lh. That their locality is often indicated by the color 
of tiie surface of the land. The color arises from the 
decomposition of some of their constituents. 

5th. That their locality is frequently determined by frag- 
ments of the vein scattered over the surface of the ground. 

6th. That they are discoverable by their " outcrops." 
The " outcrop" is the most obvious indication of a min- 
eral vein. It is doubtless trae that the great majority 
of mineral or metallic veins discovered, is due to acci- 
dent rather than to science, and that the discoveries so 
made, to a great extent, have been by means of the " out- 
crop." Sometimes the vein-stone and sometimes the 
"walls" or coTintiy-rock, is the more obdurate. As the 
case may be, the more yielding wfll have been worn away 
by the action of water and other agencies, leaving the 
other,Bothat the exploration of thevcin is rendered quite 
simple. 

nh. That when the bearing is approximately detci-- 
mined, the vein may often be found by sinting one or 
more shafts through the alluvial deposits into the under- 
lying rock, and making a " trench" or " tunnel" at right- 
angles to the bearing of the vein. 



■ EXPLOITATION OF MINERAL VEINS. 

The Mcploitation of Mineral Yeina comprises the 
various processes by which their ores are won from 
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their natural position and brought to the surface of the 
earth. 

The Workings are Open and Suhterraneoua. 

Open Workings apply to flat or dilated veins, and other 
horizontal deposits situated near the surface. Tliey are 
usually arranged in ten-acea suited to the character and 
disposition required of the material. Open workings are 
Eometimea quite extensively employed in the devleop- 
mentofmioeralveinsof considerable "dip." That is, the 
vein, in the direction of its bearing, is uncovered for a 
long distance. This practice, however, in most cases, 
cannot be too severely reprehended: The natural roofing 
of the vein should not be interfered ■with further than 
absolute necessity requires. 

Subterranean Workings are of two kinds, the Freparor 
tory and those of ^Ehtracldon, 

The Preparatory WorMngs eonsbt in timbered or 
otherwise properly secured shafts and tunnels, exposing 
most effectually the ore sought to the attacks of the 
miner ; also in the means for ventilation, for the dischai^e 
of water, and for the transportation of the detached 
mineral out of the mine. 

A shaft is a pit or naiTow opening into a mine, and 
may be vei-tical or inclined. It is to be regarded a tun- 
nel when it forms with the horizon an angle !eas than 
forty-five degrees (45°). 

A winze is a small shaft connecting two levels, and 
is employed for the purposes of ventilation or of explora- 
tion. 
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Tlie worhing-shaft, termed also the "hoisting-shaft," 
is employed for lowering into the mine, timbers, " spiling" 
supplies and tools, also for raising ore, Tvater, etc. The 
minei-e, for the most part, pass in and out of the mine 
through this shaft — eitlier by ladder or in some form of 
carriage, driven by steam or other motive power. The 
working shaft is seldom lees, transversely, than tliirty by 
forty inches. Ordinarily it is much larger — of suffioient 
size to admit the use of the double hoisting track, pump- 
ing machinery, and m.iner'e ladder. 

The airshafi is employed for the purposes of ventila- 
tion ; also not uofrequently for filling with dirt and 
debris the ohambei-s from which the ore has been ex- 
ti'aoted. The working and air shafts are occasionally 
several hundred feet apart — not often less than one hun- 
dred feet. 

A sump is a pit usually at the bottom of tho working 
shaft, and is several feet deeper than the lowest of the 
other workings. Its chief use is that of a reservoir into 
which the waters of the mine ai'e drained, whence by 
machinery they are discharged at the surface. 

A tumnel is a narrow opening into a mine, and may be 
horizontal or inclined. It is to be regarded a shaft when 
it forms with the horizon an angle greater than forty-five 
degrees (45°). A tunnel excavated in a vein, and run- 
ning the vein's course, in some localities is called a " gal- 
lery." A tunnel piercing or intersecting a vein is termed 
an " adit." A timnel eonueoting two shafts is called a 
"drift," or "drift-way." Tunnels arc seldom less than 
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two feet by tlireo and one-third feet high, Quite a com- 
mon size is three feet wide at tiie top, three and a half to 
four feet wide at the bottom, and six feet high. The 
size of the tunnel is veiy frequently iletermined by that 
of the vein in which It is driven — the width of the 
former being made equal to the thickness of the latter. 

In considering further the problem of Freparatory 
Workings of Mineral Yeifis, let the rake vein be taken, 
since, on account of its greater extent and regularity, it 
is subject to more general and systematic opei'ations 
than any of the other forms. Regarding the occurrence 
of the vein in even land, two shafts — working and air 
shafts — should be sunk to nearly the same level, and united 
at theii' gi'catost depth by a tunnel. The snmp, the 
mine containing much water, should be sunk before the 
connecting tunnel is driven far — the shafts should be at 
least a hundred feet apart, and, independent of the sump, 
fully a hundred feet deep, and should, with the tunnel, 
be well timbered or otherwise properly secured. 

The Preparatory Workings may be almost indefinitely 
extended by sinking the working and air shafts,, and 
connecting them by tunnels at desired intervals; also 
by sinking on the line of the vein other shafts and con- 
necting them by tunnels. The " sinkings " or " distan- 
ces " between tunnels are usually from sixty to one hun- 
dred feet. 

Regarding the occurrence of the vein in a mountain, 
tunnels may often first be emjjloyed to advantage. The 
vein and its inclosing mountain ridge being parallel and 
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unbroken, an " adit " at the lowest feasible level should 
be made to intersect the vein, thence a gallery driven on 
the vein to some desired point from which a shaft should 
be raised or excavated to the surface. In ease of a break 
occurring, as by a eafion, the work frequently is greatly 
facilitated, aa thereby a tunnel may be commenced upon 
the ti-ansveree or broken face of the vein and dilven 
directly on its co«rsa This use of tunnels should rarely 
be adopted, unless the elevation exceeds a hundred feet 
in height. 

As a general rule, shafts and tunnels should be wi-ought 
in the " lode." 

Veins, however, very thick and friable, having a dip 
of less than forty-five degrees and being inclosed by un- 
stable walls, furnish exceptions to this rule ; such arc to 
be worked by vertical shafts rather than by shafts coin- 
ciding with the dip of the vein. 

Wbrhings of Mctraotion consist in detaching the vein- 
matter from its natural position and hoisting or bring- 
ing it to the sui-faoo of the earth. 

There are two modes of attacking the vein, viz. : by 
Direct or Desamdmg Steps, and by Heverse orAsoendinff 
Steps. 

In Fig, 1, taken in the plane of the " dip " and " strike " 
of a mineral vein of the Rake species, let A B repre- 
sent the working-shaft, C D and E F air-shafts, B D 
and B F tunnels or galleries, G H and I K the limits of 
the workings toward the surface, 8 the sump. Con- 
ceive the vein to be laid out into parallel opipeds or ree- 
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taagular masses, and let these masses be represented by 
ra, — flj, etc., to Ji] — Wjj «' — a', etc., to «.' — n'. One of 
these masses is commonly fifteen or twenty feet long, six 
or eight feet high, and as wide aa the vein. Let a", i", C, 
d°, e\ represent scafiblds or stages, o„ o,, o„ floors firmly 
timbered employed as tracks or ways for conveying the 
ores to a common point of delivery, also for sustaining 
tlie rubbish and securing the walla of the jnioe — aud let 
ie, represent a guide-board or " shute." 

Sy Direct or Descending SC(^s.—-To extract the ore 
by " descending steps," usually two miners, " leader " or 
" lead-hand," aud " striker," termed " a set," commencing 
on stage a°, excavate In succession the parallelepipeds or 
masses a\ a", <f, a* and r/, deliver them into the shaft 
E F, and construct the floor Oj, Oi, o„ shown at the bottom 
of the excavated chambers a} — a^. In like manner a 
second set, jsommencing on stage b", excavate and dispose 
of the masses ¥, b\ b', b* and 5' ; and so on set after set 
of miners are employed, and the several masses from a to 
n are disposed of and the respective floors o„ Oi, o,, eon- 
stracted as required. The order observed is that each 
lower set of miners succeeds the set next above by the 
length of a parallelepiped, that is fifteen or twenty feet. 
Thus when five sets have come to be employed, while the 
upper set is engaged on the mass a^, the next lower set 
is on h*, the next lower on c°, and so on to e'. 

The ore delivered into the shaft E F is conveyed by 
the tunnel F B to the working-shaft A B, by which it is 
rmsed to the surface. It may be remarked that the 
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sliaft E F is sometimes employed as a hoisting-shaft, 
also that the excavations are sometimes made without 
tlie use of the floors Oi, Oj, Oi ; such workings, however, 
are crude and reprehensible. 

By Meverse or Ascending Steps, — To extract the ore 
by " ascending steps," a set of miners, commencing on a 
temporaiy stage, excavate in succession the pai-allelopi- 
peds «!, «5, Oj, «„ etc., and firmly timber floor or roof as 
shown by o„ Oi, o„ the tunnel B X>. In like manner a 
secoud set excavate successively the masses bi, 5„ 5,, etc, j 
and so on set above set of miners, from a to n, are 
employed. 

The order observed is that each upper set of miners 
succeed the set next below by a parallelopiped fifteen or 
twenty feet in length. Thus when five sets have come 
to be employed, while the lower set is engaged on the 
mass ftj, the next upper set is on b^, the next upper on 
and so on to e,. Temporary stages are chiefly used. 

By this method of reversed steps, the ore, as detached, 
falls by its own weights It is sometimes allowed to fall 
freely into the tunnel, but is usually retained in the i 
resting upon the tunnel floor or roof, whence it is 
charged as requii-ed into cars, conveyed to the shaft A B, 
and thence hoisted to the surface. 

It may be observed that the shaft C D, or more 
erally speaking the shaft from which the " stopings" or 
excavations are carried on, is sometimes employed as a 
hoisting-shaft. This resort, however, should only be in 
extreme cases. 
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The walls of a mineral vein, especially if excavated 
by ascending steps, can often be more effectually and 
economically secured by filling the chambers with diit 
and debris, obtained at the surface of the earth, thau by 
any other means. 

When the inclosures are very friable and unstable, the 
process of filling should succeed immediately that of 
extraction. The miner thereby ia not only secure against 
the crumbling and falling walls, but is brought directly 
up to his work. 

The filling material, for example, is thrown into the 
air-shaft C D, falls upon the adjustable shute x, whence it 
is conducted into the openings Oi — ai, 5i — b^, Ci — Cj, etc. 
The filling should be well tamped. 

In considering the relative merits of the two modes of 
working, it is to be remarked : 

That the mode of " descending steps" affords the miner 
less restraint in position, and gi-eater freedom of action ; 
that it is better adapted to the sorting of ores in the vein ; 
and that it is, in case of the vein-stone being much de- 
composed, iess subject to loss by the liberated minerals 
or metals becoming mixed with the rubbish. 

And on the other band ■ That the mode by " ascending 
steps" is more expedition'" and cheaper, requiring loss 
expense in timberini;, flooiing ind filling, and less labor 
in excavating, since the oie, by its own weight, is more 
readily disengaged fiom its natural position. 

Again, as one of the chief objects in mining should be 
to keep the mine in good oidei, both regarding the facib 
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ity in operations and safety to tlie worktiien, the caution 
cannot be too well heeded against breaking through the 
surface, or weakening the natural roof of the vein. In 
most cases the " limit of workings," G H, I K, depend- 
ing on the nature of the ground and thickness of the 
vein, should not approach the surface nearer than at a 
distance of twenty feet. Pillars of vela-stone are some- 
times left in the mine for its better protection. These 
may be left, especially along the sides of the working- 
shaft, with the highest advantage. They, together with 
the upper portion of the vein, can readily be reclaimed, 
wheaever desired. 

As a general rule, it seems proper to observe, that 
on engaging in quartz mining, the first thing to be done 
is to thoroughly " pmspect " the vein or mines. To ac- 
complish this, regarding the vein of the Eake species, a 
shaft should be sunk on it not less than one hundred feet 
deep, a tunnel driven as far on its course, and the ore 
worked by a process near as possible to that proposed to 
be adopted. If the results prove favorable the adven- 
turer may proceed to erect his quartz machinery for 
working on a large scale, with assurances of almost cer- 
tain success. If the results are unfavorable he may con- 
gratulate himself that he has not fallen into, the too fre- 
quent error of building expensive mills on worthless 
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Th& Yentilating of Mines is the act of circulating 
through any or all portions of their " workings" pure air, 
and substituting it for foul air and other noxious sab- 
stances, of which those of most common occurrence are 
" cliolie-damp" (carbonic acid) and " fire-damp" (carbu" 
retted hydrogen) each producing by inhalation almost 
instant death. The former of specific gravity 1,529 oc- 
cupies the lowest part of the mine's workings, and the 
latter of specific gravity ,555 the upper part. " Fire- 
damp" is combustible, and a mixture of one volume of it 
with ten volumes of air is highly explosive. It is the 
burning of this gas, and the explosion of its mixture with 
air, that occasion at times such fearful havoc of life and 
property. The resulting carbonic acid is called " after- 
damp," and is more fatal to miners than even the fire 
and explosion. 

ChoTce-damp and Fire-damp do not lly n 

any considerable quantities in the sam na Ih y a e 

especially abundant in deposits of al wh h beinc 
broken, one or the other is often cop ly 1 d 1 m 
its immense store-house. Their occurrence in mineral or 
metalliferous veins in some oases may' be referable, to 
no little extent, to the decomposition of vein matter, but 
for the most part is attributable rather to the respiration 
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of the workmen, the combustion of candles and blasting 
powder, and the decomposition of wood and filling. 

On entering a mine in which tho existence of " choke- 
damp" is sYispected, the adventurer should carry, on the 
end of a pole, a burning caudle, thrust a few feet in 
advance. If the candle emits a strong light he can safely 
proceed — if a feeble light, his progress is attended with 
peril — and if it ceases to bum he cannot too quickly 
retrace his steps, for certain death awaits him. 

The existence of "fire-damp" in a mine is indicated by 
the behavior of the " top" and flame of a candle, which 
should be well trimmed. 

The " top," or haze-like cap of the fiame, maintaining 
a yellowish brown color, not exceeding a quarter or half 
inch ill length, denotes that the air is almost or quite free 
from "fire-damp." The " top" elongating and changing 
to a bluish-gray color warns the miner of the presence of 
this gas. The " top," as also the flame shooting up into a 
sharp spire, the former changing its color from bluiah- 
gray to a clear blue, while minute, luminous points rise 
I'apidly up through the flame and top, indicate that the 
place abounds in " fire-damp," just on the point of burst- 
ing into flame and explosion. The miner in this perilous 
condition, mindful that the least agitation may efiect the 
ignition of the gas, slowly lowers his candle to the floor, 
and cautiously retreats or ventures to extinguish the 
flame with his thumb and finger. 

The means of the Ventilation of Mines are " natural" 
and " artificial." 
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Natural Means. The diffci-ence between the tempera- 
ture of tlie mine and that of the external air, combined 
with the difference between the levels of the openings at 
the surface, also at the points of their connection below 
ground, produce a circulation of air through the mine. 

A mine having two shafts of different levels at the sar- 
face, and of the same level at their points of tunnel-con- 
nection at the bottom, in case the internal temperature 
is greater than the external, a circulation will be estab- 
lished through the mine. The rarified au- will rise and 
pass off, as by a chimiiey, through the shaft of the more 
elevated opening, while its place will be supplied with 
fr«sh air flowing in through the shaft of less elevated 
opening. But ia case the external temperature is greater 
tiian the internal, the direction of the cuiTcnt will be 
reversed. 

If the mine occui's in a level country, a high chimney, 
reared over one of the shafts, is made to supply the lack 
of a natural difference in elevation. 

Experience, however, shows that a mine having two 
shafts of the same level at the surface, and of different 
levels at the points of their tnnnel-connection below, a 
current of air will flow quite uniformly down the deeper 
shaft, along the tunnel, and up the shaft of less depth. 

A long tunnel driven into the side of a mountain may 
readily be ventilated, by dividing it into two unequal 
parts by a horizontal partition, by connecting its upper 
and smaller part at some distance from the entrance, 
with a shaft raised to the surfaoe, and by letting its 
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lower part coimuunicate with the entrance and with the 
upper part at the other extremity of the tunnel A cur- 
rent is produced as the air in the upper or emalier part 
becomes sooner h'eated by the enclosing rock, and passes 
off through the shaft, while the fresh air to supply its 
place flows in at the entrance, and thence along the lower 
part of the tunnel to its extremity. 

A mine may be ventilated to a limited extent by the 
application of the wind. The apparatus consists of a 
turn-cup, having a funnel-mouth open to the windward, 
and communicating with the mine through a pipe. The 
wind, ari'ested by the machine, is conducted by the pipe 
into the mine, and disposed of as required. 

Artificial Means. In artificial means are involved the 
priaciples of " propulsion and exhaustion." In applying 
the principle of " propulsion," large bellows, force-fans, 
and sometimes force-pumps are employed. By these, the 
air, through pipes or other conductors, is driven into the 
mine to those parts where most needed, whence it is dis- 
persed through the workings, and finally escapes at the 
mouth of the opening. This principle Is especially advan- 
tageous in that it readily admits the use of flexible pipe, 
or hose, by which the air is conducted with facility into 
recesses of most difficult access. Its application, how- 
ever, is either on a small scale or only comparatively tem- 
porary. The principle of " exhaustion" is more generally 
applied, and with far greater economy and effect than 
that of " propulsion." It is put in practice by " exhausiv 
ers," "fires" and "furnaces." These, communicating 
2« 
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with the open air, are in some way connected with pipes, 
or their equivalents, extending to the remotest parts of 
the mine. As the machines are put in operation a circu- 
lation of air la prodaced through the mine, the current 
extending from the "opening" to the, extremities of the 
exhanst pipes, through which it then, fraught with impu- 
rities passes and escapes above ground. 

Instead of ordinary pipes, there are sometimes substi- 
tuted covered trenches dug in the wall-rock of the shaft 
and along the bottom of the tunnel. The rock furnishes 
three sides of an air conductor. The fourth is formed 
of plank fitted in its place air-tight with cement, or clay. 
Sometimes the shafts and tunnels en trie are converted, 
as it were, into aii'-pipes. This is especially the ease in 
the more extensive works. 

The " exhausters," so called, consist of various contri- 
vances, for the most part in the form of " pumps " and 
"fans," whose relative merits with one another and 
among themselves it is not proposed to discuss. " Fires," 
for the purposes of exhaustion, are applied in different 
ways — by being placed at the mouth of the " up-cast " or 
cliimney-like shaft, or at the bottom, or by being sus- 
pended in grates part way down the shaft. 

"Furnaces," especially in large operations, are most in 
use. The position of the furnace is in connection with 
the " up-cast " shaft, whose office is to conduct away the 
vapors, vitiated air and gases of the mine, as they are 
put in motion and caused to rise by the exhaustive in- 
fluences of the heat. The furnace is sometimea placed 
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at the top and sometimes at the bottom of the shaft. 
The plan of placing it at the bottom is preferable, since, 
in comparison, the sides of the shaft becoming heated, 
ventilation is continued longer, and is less liable to 
derangement, in case of accident occaring to the furnace. 
The " up-cast " and " down-cast," in other words the 
escape and supply air-shafts are, in effect, the one at 
one end of a long tunnel, and the other at the other end. 
Other than this "they have no communication, though 
frequently only separated by a partition wall. In con- 
nection with the furnace it is now proposed to illustrate 
a system of ventilation which is applied with complete 
success even in coal mines abounding in fire-damp or 
Other noxious substances. 

Let the mine bo developed by a system of rectangular 
tunnels, represented one way by letters «, b, c, d, e, and 
the transverso way by numbers 1, 2, 3, 4, 5, 6, 7, and by 
two shafts termed the "up-cast" and "down-east," sunk 
at the junction of Sand 4 tunnels. Let aii'-tight dobre be 
placed in the tunnels as follows : — in a between 5th and 
6th ; in h between 1st and 2d, 2d and 3d, 6th and 7th ; in 
c between 2d and 3d, 3d and 4th, 4th and 5th; in d be- 
tween 2d and 3d, 3d and 4th, 4th and 5th ; in e between 
3d and 4th ; in 2d between o and d; m 3d between a 
and b ; in 5th between b and c, d and e ; in 6th between 
b and c, e and d, d and e, and in 7th between c and d. 
Let the " supply " opening in the " down-cast " shaft be 
in 4th loolcing toward a ; and let the escape openings in 
the " np-oast " shaft be — one in 6 looking toward 3d and 
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one in 4th looking toward o. On the furnace being 
put in opei-ation the fresh air descends the " down-cast " 
shaft, issues through the supply opening, and passes down 
tunnel 4th to the junction of 4th and a, where it divides 
into two streams. One stream flows to the right along a 
up 5th, along b down 6th, along a up 7th, along c to 
the left up 5th, along d to the right up 7th, along e to 
the left down 4th into the " up-cast," and effects its 
escape. Tbe other stream flows to the left along a to 2d, 
then in two hi-anches — one up 2d and along c to 1st, the 
other along a and up Ist to c; the bi-anohes here unit- 
ing, the stream flows up Ist to </, then in two branches 
— one along d and up 2d to e, the other up Ist and along 
e to 2d ; — the branches here uniting, the stream flows 
along e down 3d and along i> into the " up-cast," and 
escapes by the chimney. 

In case of " fire-damp" being very abundant in any 
portion of the mine, it is conducted by the way of the 
dumb-fumace, which coannunicates with the " up-cast" 
shaft, out of I'each of the flame. The draught of this fur- 
nace arises from the exhausted condition of the^we of 
the active furnace. 

Too much care, however, cannot be used to dilute with 
fresh air this gas below the explosive point before sufier- 
ing it to escape. Explosion does not occur when the 
volume of air is less than six or more than fourteen times 
the volume of the gas. "Fire-damp" should not be in- 
haled unless mixed with air of fall thirty times its vol- 
ume. In practice, the mixture becomes not less diluted 
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before it is taken to tbe active furnace. The dooi's or 
valves are double, that is, placed at some distance apart, 
BO that by tbe alternate opening and shutting of ihena 
the currents of air are not interfered with. 

The " doors," ^ also furnaces of ample capacity being 
properly arranged and managed, the ventilation of the 
mine, in its every part, is brought completely under con- 
trol. At the pleasure of the manager, vapors the most 
pestilential, and gases the most poisonous and inflammable 
are aerified to a degree of entire salubrity, or imprisoned 
for the time being, or sent harmless away by themselves. 
This system applies alike to coal and horizontal deposits, 
or to mineral veins of any dip and extent,— in a word, 
is capable of almost aulimited application. 
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For the mechanical reduction and concentration of ores, 
two kinds of quartz machinery, the wet and the dry, are 
In use. The application of the former obtains in nearly 
or quite all extensive works, while that of the latter is 
mostly limited to the test-room, and experimental opera- 
tions. 

For the full treatment of ores, auxiliary machines, 
common to the two, are employed. Of these the Rock- 
Breaker, Amalgamator and Separator may be mentioned. 
The most efficient and economical quarta machinery thus 
far introduced for the mechanical reduction and concen- 
tration of ores and rook containing the precious metals, 
and for the purposes o£ amalgamation and subsequent 
treatment, consists, aside from prime movers, common 
connections and tanks, chiefly of the Rook-Breaker, 
Straight Batteries, Grinders and Amalgamators, Sepa^ 
ratora, Concentrators, Retorts, Crucibles, and Ingot 
Molds. 

ROCK BREAKERS. 

Rock Breakera are machines chiefly employed for the 
crushing of rock, as it comes disengaged from the mine, 
quarry or other bed, to fragments an inch, half inch or 
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SO in diameter. For tliis work they are fast supersed- 
![]g the " Cornish Rollers " and " Heavy Stamp " — in iiiie, 
all other machinery designed for like purposes. Tbey 
have also been employed for the pulverization of ores 
and rock, but have not been sufficiently successful to 
wan-ant their use in this department. 

*rhe nearly upright jaws with convergent crushing 
faces constitute one of the chief features of Rock Break- 
ers. These are caused by meana of machinery crank, or 
its equivalent, directly or indirectly applied, alternately to 
recede from, and approach each other. In some machines 
one, and in others both jaws are movable ; and in some 
cases they have, additional to the vibratory, a lateral or 
vertical grinding or other oompoiiiid motion. The 
"Blake Stone Breaker" has one of its jaws stationary, 
the other movable. In the upper end of the iatter is the 
centre of motioD. 

The inventor, in describing the operation of the machine, 
says "every revolution of the crank causes the lower end 
of the movable jaw to advance toward the fixed jaw 
about i of an inoh and return. Henoe, if a stone be 
dropped in betweep the convergent feces of the jaws, it 
will be broken by the next succeeding bite ; the result- 
ing fragments will then fall lower down and be broken 
again, and so on nntil they pass ont at the bottom. Tiie 
ditsance between the jaws at the bottom, which limits 
the size of the fragments, may be regulated at pleasure," 

The " Blake Stone Breaker " may be mentioned with- 
out any disparagem,ent to others of its class as having 
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made for itself, in the Pacific gold and silver regions, an 
enviable reputation. One of those macbines, with a feed 
opening of nine by fifteen inches area, is found capable of 
i-edueing from one hundred to one hundred and fifty tons 
of hard rock per day to a size suitable to be fed into 
Batteries, 

The machine of the size mentioned weighs 11,600 
pounds, and requires six-horse power to reduce seven and 
one-half toQS of rock per hour. 

BATTERIES. 

The JBattery embraces the frame (usually made of 
wood). Mortars, Cams, Cani-Shaft, Tappets, Stamps, 
Stamp-Stems, Shoes, Dies, Guides and Screens. 

MORTARS. 

High Mortar. — The High Mortar is represented by 
Figs. 2 and 3. Fig. 3 shows afront and Fig. 3 an end view 
of the mortar mostly approved on the Pacific coast and 
wherever else it has been employed for the reduction of 
ores containing the precious metals, B represents the 
feed opening, and C the screen opening. The screen is 
fastened by nails or screws to the screen-frame, which by 
wedges ia firmly secured in grooves provided for its 
reception at the ends of the mortar, and by two " lugs," 
I seeii at the bottom of the opening C. 

Mortars, for working on a large scale, are constructed 
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for three, four, five or six stamps each, Millmen and 
quartz operators, from Song experience, are unanimous in 
opinioD that the five-stamp mortar is preferabte. 




niQH MoKTiB (i ont View) HiOH Mobtab (Bid Tiaw) 



. Mortar — The Section Mortar, designed for 
places of difficult ^ce'o cin readily be fikcn apart and 
packed on mules The Section Mortir raaj be high 
oi low It shoald only be employed m extreme cases, 
owing to ita cost and grciter liability to destruction 
than that of the Solid Mortar, 

Double Discharge Mortar. — Fig, 4 shows a side and 
Fig, 5 an end view of the Double Discharge Mortar, A A 
represents the doors, B the feed opening ; C the screen. 
The doors A A are lined on the inside with copper plate, 
as shown by the thick black lines. This style of mortar 
■e especially for the working of gold bear- 
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iiig roclt. By I'emoving the screen C and canning the door 
Bomewhat higher, we have what is known as the Float 
Moitar By substituting the door A for a snecn, we 
ha\e the High Mortar, as shown in Fiffs 2 ^nl 3, 
which 11 in most geneial u?e for the woikuig of both 
gold ind sih er ore« 



Fio "i 




Dri/ Mortar. — The chief difference in construction, 
usually, between the "wet" and "diy working mor- 
tars " is that the screens to the latter are higher or wider 
and at a less iaelination to the horizon than in the former, 
besides being made of wire cloth instead of Russia iron. 
In the "Wheeler and Hotaling Dry Mortar" no screen is 
used ; in this machine the discharge-opening is about six 
inches wide and between two and three feet above the 
die. The ore pulverized very fine, rises to the dis- 
charge-opening, and thence passes through an etcliattst 
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/an or blower into the settling chamber, from wliich aa 
escape or air-supply pipe leads back to the batteiy. It 
has been proposed to employ a current of steam instead 
of the/an, but not aware of its having been put in prau- 
tice, the wiiter cannot confidently speak of its worth. 

The Low Mortar,— The Low Moitar is less used than 
formerly. Its use, however, is far from being abandoned. 
The most improved low mortar is constructed with frame- 
grooves and discharge-lips. 



TAPPETS. 

The Tappet is the head, or machine secured to the 
stamp-stem, by wiiich the cam raises and iets fall the 
stamp upon the substance to be crushed. Fig. 6 repre- 
sents the Plan, and Fig. 1 au elevation of the "Gib-tap- 
Fra. 6. Tio. 7. 





Plan (Tappet). ; : . 

pet " — one of the many very valuable inventions in quartz 
machinery of Zenaa Wheeler, Esq., of Wheeler & Randall. 
B, in Fig, 7, represents the "gib," and A A the keys by 
whieh the tappet is firmly secured to the stem. 
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]5y this invention, no croas and weakening I 
in tlic stem are required ; besides, it can readily be ad- 
justed to any desired point. It anrpaases in excellence 
any other in use for like purposes. 

GAMS. 

The Cam is a machine employed to raise the stamp to 
any desired height, and then allow it to fall by its own 
gravity upon the substance to bo crashed. Cams, in 
quartz machinery, are constructed with one, two or three 
arms. The " three-armed " cam is but little used, as by it 




SiN&LB-AllUES Cau. 



a less number of drops to the stamp can be obtained than 
by either of the other styles mentioned. Fig. 8 repre- 
sents the "one" or "single-armed" cam, and Fig. 9 
the "two" or " double-ai'med " cam. By the "single- 
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armed " cam, when properly constructed, ninety ten-inch 
dropa per minute are obtained with safety and economy. 
The proper curve ol the ^^ g 

cam-arm, so ae to run with 
the least fiiction is a 
modified involute of a 
circle, whose ridius 13 
equal to the horizontal 
distance between the cen 
tre of the cam ihaft and 
the centre of the stamp- 
stem. Tbecam ^rm should 
have a greater or ^harper 
cui-vatnre neir each of its 
ends than the regulai m 
volute of the cucle The 
objects of this ire 1st 
to receive the tappet at 
tbe least, practical dia 
tanee from the centre of 
the cam-shaft, where the 
concussion is less than at 
a greater distance and 
'2d, to prevent the sbaip 
end of the cam fiom teat 
ing along the face of the 

tappet, from a point neir 

■ . 1 i -i . 1 Double Abmbd CiM. 

Its centre to its outer ed^e 

or point of delivery The outer cad of tht, cam-ai 
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fashioned so aa to conform to the outer edge of the 
tappet, which is circular. 

It Beams proper to remark, since the curve of the cam- 
arm is determined in reference to the distance between 
the centres of the cam-shaft and stamp-stem, that this 
diatance in the practical erection of the machinery should 
never on any acooaut Tje changed in respect to the same 



CAM-SHAPT. 

The Cam-Shaft is a round bar of iron, turned, finished, 
and having one and sometimes two key-seats cut in it 
lengthwise, between its journals, for the securing of the 
cams in their places. For stamps of ordinary weight, 
the cam-shaft is usually made about four and one-half 
inches in diameter. Sometimes one shaft is employed to 
run fifteen or more stamps. An independent cam-shaft, 
however, for each battery of five stamps is much more 
preferable; in which event, if there is a line of several 
batteries, a counter-shaft is usually employed. 



STAilPS. 

Fig. 10 represents the Stamp-head or socket, includ- 
ing portions of the stamp-stem and shoe. C C, C C, 
represents Wrought-iron hoops ; D I>, key*ways, the 
keys being used for forcing or driving out the slamp- 
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stem and shoe from the stamp-head or socket, when 
neuessary. A represents the stamp-stem, and B the 
stem of the shoe. 

The stamp, in a broad signification, embraces the tap- 
pet already described ; the stamp-stem, which is a round 
bar of wrought iron, turned and finished; and the etamp- 




Stamp-Hbad. 



head or socket, 'which is made of the toughest cast-iron, in 
the upper end of which the stamp-stem is firmly secured in 
a slightly conical opening, and in the lower end of which 
is a larger conical opening ; into this is fitted with wooden 
wedges the stem of the shoe, which may be removed at 
pleasure. The shoe should be made of cast-steel ; white 
iron, however, is usually employed. The round stamp 
has almost entirely supplanted the nae of the square. 



Hn^lcdbyGoOglc 



48 QUAKTZ OFEKA.T0K S HAHI>-BOOK. 

DIES. 

The Dies are made of. cast steel, or the same quality 

of iron ae the shoes, and arc fitted into the bottom of the 

mortar. These may also be removed at pleasure. Some 

dies are round, and are fitted into recesses of coiTespond- 

rras. 11, IS. 




SIAUP'SSOE AND MORIAit'DlE. 

ing forms in the bottom of the mortar ; others are nearly 
square. There should always be the same number of 
dies as stamps in a mortar. In Figs. 11 and 12, S 
denotes the stamp-shoe, and D the mortar die. 

SCREENS. 

The Screen used for working ores by the wet process 

is made generally of .Russia sheet-iron. This iron has a 
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planished, glossy and smootli surface of gray oxide of 
iron ; it should be free from rust or flaws, and be very 
Koft aud tough. The severest test of sheet-iron consists 
in hammering a part of the sheet Into a concave form, 
lu the manufacture of this kind of screens, the sheet is 
perforated by punches varying in size from the number 
nine to the number one common sewing needle. 

The screen ased for working ores dry is usually made 
of wire, aud varies in fineness from nine hundred to ten 
thousand meshes to the inch. 

GUtDKS. 

The Guide in which the stamp rans k generally made 
of the fimiest wood, which can easily be obtained, and is 
secured by bolts to the cross-ties of the battery frame. 
It is constructed in halves, so that when the stem-way 
through it, or between its parts becomes worn, it may be 
refitted to the stem by di-essing down its faces, 

GEINPERS AND AMALGAMATORS. 

Machines in almiMt endless variety have been em- 
ployed for the reduction of ores from a granular state to 
an impalpable powder or slime condition, and for the 
amalgamation of the precious metals. Of all these the 
most efficient in use are technically termed " Grinders 
and Amalgamators." The Grinder and Amalgamator 
is a large pan provided with grinding plates which op- 
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erate eimilar to millstones. The upper plate, called a 
" rauUor," revolves, and besides grinding, incorporatea 
the quicksilver into the charge of ore under treatment. 

On the Pacific coast, Grinders and Amalgamators are 
employed almost to the entire exclusion of all other ma- 
chines invented for like purposes. They take their res- 
pective names from the several forms of their grinding 
surfaces, and may be properly classified as the Tractory, 
Plane and Conical. 



WHEELER AITD RANDALL'S EXCELSIOR 
GRINDER AND AMALGAMATOR. 

In the Tractory Conoidal machines, the grinding sur- 
faces, or surfaces of revolution are generated by revolv- 
ing the tractory curve round its directrix as an axis. 
The invention embraces two styles of machines — one 
called the " Tractory Conoidal Grinder and Amalgama- 
tor," the other, the " Excelsior Grinder and Amalgama- 
tor," represented in the annexed cut. The former of 
these machines has the greater base of its muller upward, 
and the latter has it downward. The quicksilver in the 
former is much less agitated than in the latter, which by 
many operators is regarded a very valuable desideratum. 
On the other hand the material to be amalgamated passes 
direct from the grinding surfaces into the quicksilver, thus 
precluding, after having been burnished, the possibility 
of becoming coated with any foreign matter. Prefer- 
ence is mostly in favor of the Excelsior. 



Hn^lcdbyGoOglc 



QDARTZ MA.CHINEKY. 



• f, 1» «f.l,l ^J I.. ^ 




£lGELSIOS GlUKIlGB AND AUALOAUATOS. 



Hn^lcdbyGoOglc 



£3 QVAStZ operator's HiKD-UOiiK, 

Theoretically, also practically cod aid ercd, the grinding 
effect of either the " Tractory Conoidal " or liie " Ex- 
celsior Grinder and Amalgamator" are fifty per ceat, 
greater tlian that of the Plane, and thirty-four per cent, 
greater than that of the Conical Pan of the same size. 
The reason for this great inequality is that the vertical 
wear of the tract ory-formed grinding-plates is uniform, 
whereas in the plane and conical pans the more central 
portions of the grin ding-plates impede the wear and oon- 
. sequent grinding efiects of the less central portions. The 
grind in g-pl ate e under oonsideratioa are subject to the 
same laws as pivots — in fact arc but large pivots — on 
which subject see "Des Ingenieurs Taschenbuch," pagea 
143 and 1 44— " Weisbaeh Mechanics," pagea 313 to 318 
inclusive— Professor Eankine's "Manual of the Steam 
Engine and other Prime Movers," page 17 — M. M. Ar- 
mengaud, sen., Ar men gaud, jun., and Aoiouroux'a " Prac- 
tiual Draughtsman and Book of Industrial Design," pages 
181 to 183 — and the supplement of Wheeler and Kan- 
dall's "Quartz Operator's Hand-Book" — First Edition. 

The great popularity of the "Excelsior Grinder and 
Amalgamator," however, arises not alone from its supe- 
rior grinding properties, but among other things, from its 
unequalled stability and convenience of toorking and 
cleaning up. Thus, when it is necessary to put in a new 
set of shoes and dies, or to clean up, instead of employing 
fall and tackle, levers and skids, with waste of time and 
much hard work, as is the case in other pans, the muller 
of the Excelsior, by means of the screw at the centre, is 
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raised with the utmost facility entirely out of the way of 
tlie operator. 

Tlio form of the hub and stationary grinding-plates 
pitching down toward the circumference also greatly 
facilitate the drawing off the pulp and " cleaning up." 
When, from stopping the mill or other causes, the pulp 
in the pan becomes too firmly packed to allow starting 
the muUer by means of the hand-wheel at the side of the 
pan, it is readily aocompliehed by removing the key in 
the centre-screw. The muller, rising, breaks up the pulp. 
Then, at the pleasure of the operator, it is lowered and 
secured by the key being returned to Its place. For 
the practical uses of the Excelsior Grinder and Amalga- 
mator, see " Treatment of Silver Ores by Amalgamation 
■ — Pan process." 

This machine is so constructed that it is readily con- 
verted into a continuous Grinder and Amalgamator. 
Openings on its side at different elevations are prepared 
for the reception of a discharge-tube, which extends near 
tiie centre of the pan, where the material under treatment 
is lightest and least agitated. 

SEPARATORS. 

These machines differ in form from each other almost to 
an unlimited extent. The term "Separator," in general, 
embraces that class of inventions designed for separa- 
ting the amalgam and precious metals from their " pulp " 
or gangue. The machines to which it has come mora 
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Bpecially to be applied are large pans, varyiog from four 
to say ten feet in diameter, and from one to four feet in 
depth, A common size is seven feet diameter and two 
feet deep. If they are made much larger than this, the 
central portions of the mass being operated on are apt to 
"pack," while those at the circumference are undergoing 
proper treatment ; or on the other hand, the outer portions 
become too much agitated, while the inner are beiog well 
Avorked. They are named according to the form of tJieir 
respective bottoms, to wit : the PiaTte, Concave and Con- 
oidcU, 

In the Plane, the quicksilver spreading over the entire 
bottom is apt to be ground with the gangue instead of 
parted from it. 

In the Concave^ the ore being deepest at the centre 
where the motion is least, tends to " pa^^k," thus preventr 
ing separation ft-om taking place. 

To avoid these fatal objections, and otherwise simplify 
and facilitate the work of the operator, the Gonoid((l 
was invented, which it is proposed to describe somewhat 
in detail. 

WHEELER AND RANDALL'S CONOIDAL 
SEPARATOR 

The Conoidal Separator lias a curved bottom. The 
curvature decreases from near the centre towards the 
circumference, where, with the exception of a bowl and 
spiral groove for quicksilver, the surface is nearly flat. 
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By this tappy device, aiiiformity of motion and mixing 
of the material under treatment are secured; "packing 
of tlie pulp" about the centre, or grinding of the quick- 
rio, 14. 




CONOISAL SBFARAI'OK, 



silver with the gangne, aa experienced in other separators, 
ia obviated, atsd the labor of " cleaning up" ia greatly 
lessened and eimplified. Thia machine is provided with 
a large screw at the centre, by which the muller can 
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readily be raised entirely out of the way of the operator. 
It also has the " Patent Self-regnlating Quicksilver Dis- 
charge Apparatus," which is a very useful and great 
labor-saving machine. The capacity of the Conoidat Sep- , 
arator is rated at ten tons of ore in twenty-four houra. 
See " Treatment of Silver Ores by Amalgamation — ^Paa 



CONCENTRATORS. 

The term " Concentrator" may in general be applied 
to any device made for separating the heavier portions 
of granulated or finely-broken ore from the lighter. 
Gtenerieally, concentrators are to be classified as the 
" dry " and the " wet." Relative to the former, reference 
is made to the article on the reduction and concentration 
of ores— dry way. As to the latter, those in most com- 
mon use are, the Hand or Box Buddies; Revolving 
Buddies; Jiggers; Dolly Tubs; Sludge Dressing Ma- 
chines ; Tables, differing in size, stractnre and motion ; 
Cradles; Hides of animals, having the hair on; Rifiles; 
Blankets to be washed by hand ; Revolving Blankets ; 
and machines of more recent construction and specially 
known as " Concentrators." As a general rule, the re- 
duced ore should be carefnliy sized before being dressed 
by almost any one of the machines enumerated. On 
this continent, however, it is not asually done. The 
sizing may be effected by revolving sieves running in 
water. 
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The Conecntrators which seem most entitled to con- 
iideratioti ai-e the "Eureka " and the "Tabular." 



WHEELEU AND RANDALL'S EUREKA 
CONCENTRATOR. 

This machine in some of its features does not esaen- 
tially differ from the " Sludge dressing machine," quite 
favorably known in Eui'ope. In comparison, however, it 
possesses some very important advantages over that 
machine. Thus it concentrates more rapidly and is con- 
tinuous working, both as to the dividing or separating 
of the ores according to their specific gravities, and the 
discharging of tho quicksilver collected. The diameter 
of this machine ia about five feet. The form of the bot- 
tom is that of a doubie-inclined plane, whose npper edge 
coincides with the diameter, and is at right angles to the 
horizontal driving-shaft. Its motion is angular and Vi- 
bratory, It has a central opening, like the " Sludge dress- 
ing machine," for the discharge of the gangue. At 
each of its lower sides is a long naiTOW opening through 
the rim, for the discharge of the ore concentrated into 
the "sulphuret bos," whence it is delivered continu- 
ously as gathered into the tank below. The invention 
jof this continuous discharge apparatus was patented 
by Mr, "Wheeler in 1864, and it is to be regretted that 
certain sol disant inventors are appropriating it to their 
own uses with unwan-antabte freedom. At the circum- 
ference of the pan-bottom are depressions for coUectr 
3* 
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ing qnicksiiver, which ia conducted off as gathered by 
means of The Wheeler Patent Self-regulating Quicksil- 
ver Discharge Apparatus. 

The Concentrator has a conical-formed cover, at the 
centre of which is a large bowL Near the circumfer- 
ence of the cover ia a circular screen. The material to be 
treated is run into the bowl ; thence flows over the cover 
through the screen into the pan, and is then disposed of 
as before described. 



THE WHEELER AND RANDALL TABULAR . 
CONCENTRATOR AND AMALGAMATOR. 

lo the accompanying Fig. 15 of The Wheeler and 
Randall Concentrator and Amalgamator, A represents 
the frame; B, head of the table; E, sulphuret-box ; I, 
discharge-pipe; H, bottom of table; L, copper plate, 
silvered; P, shower- pipe ; T, counecting-rod ; D, self, 
discharging quicksilver apparatus; C, receiving-trough, 
perforated at tbe bottom and secured to the head B. 
The bottom of the head-end ia about four inches lower 
than the opposite or discharge-end. The table has a 
vibratory or pendulum motion at right angles to the 
current of pulp and water passing through it. The 
vibrations are three inches in length, and three hundred 
and sixty a minute. The material, as it comes from the 
stamps or other reduction works, passes direct into the 
receiving-trough, thence is showered into the main table. 
By the quick, short, vibratory motion the material is 
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kept buoyed up, or prevented from packing; at the same . 
time tlie precious metals and the heavier portions of the 
material being treated (almost ever the richer portions 
of the ores) by their specific gravity, sink to the lowest 
depths in the table. The substances subject to amalga- 
mation are taken up by the quicksilver lying id the deep- 
est part of the table. The sulphurets and heavier por- 
tions of the ores pass into l!ie aolpliuret-box through a 
small opening in the head, about one inch and a half 
above the table bottom. The agitation in the sulphuret- 
box, owing to its shorter length, being much greater 
than the agitation in the main table, the sulphui-ets and 
heavier portions of the ores are thrown backward and 
forward in the direction of the motion to the ends of the 
box, and pass through a small adjustable opening into 
the discharge-pipe I, thence into the tank below. So 
simple is this apparatus that the utmost novice can 
readily adjust the pipe so as to obtain any desired per- 
centage -of the heavier portions of the ores under treat- 
ment The lighter and poorer portions of the ores pass 
IE a thin sheet, being triturated at the same time over 
the silvered piate L, off at the discharge-end, opposite to 
the head B of the tabla 

From the pipe P, water is continuously thrown in a 
fine shower npon the silvered plate L. The effect of thia 
shower is to keep the plate clean, thoroughly wash the 
material under treatment, and send back any particles 
that may have otherwise escaped. To the credit of the 
machine, however, as reported by the most expeiien- 
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ced manijjulators of ores, the copper plate and sliower 
pipe scarcely pay the slight expense of their first cost, bo 
effectual haa been the operation of the table on the ores 
prior to their reaching the plate in question. Tlie quick- 
silver is kept at any desired height in the table by means 
of the self-discharging quicksitver apparatus D. The sur- 
plus quicksilver, as it comes from the reduction works, 
flows ofi" into a vessel prepared for its reception. The 
amalgam gathered in the bottom of the table may be 
" cleaned up " from time to time according to the wish 
of tbe operator. 

For the treatment of most ores, as a general rule, the 
weight of water to that of ore should be as four and a 
half to one. The stream of pulp should flow uiiiformly 
into the machine. The capacity of the machine is rated 
at five tons of ore in twenty-four hours, A much larger 
quantity per day has been treated in it witb entire suc- 
cess. The frame should be well secured by bolts to a 
good foundation. 

RETORTS. 

Retorts, with their appurtenances, are vessels em- 
ployed in " distillation " and " sublimation." The oper- 
ation is tenned " snblimatioa " if the resulting product 
is a sobd, and "distillation" if it is a liquid or fluid, T)ie 
operation of vaporizing the mercury of gold and silver 
aTnalgam, of conducting away and eondeiising the vapor, 
is termed " retorting." Retorts for this purpose are 
usually made of cast-iron. Their shape and dimensions 
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vary according to the caprice of the constntctor as v 
as the amount of work to be performed. 



GOLD RETORTS. 

The Gold Retort is a conical-shaped vessel, having its 
Bmaller end or bottom usually rounded. The cone is 
secured to the moulh or larger end by means of a clamp 
and wedga The joint between the cone and rim of the 
retort is made tight by means of loam or clay. The 
shorter leg of a syphon-formed exhaust-pipe is screwed 
into and through the cover ; the other and longer leg is 
made to pass through the condenser, which ia a simple 
vessel kept filled with co!d water while the retort is in 
use. Sometimes instead of a vessel as a condenser, 
eloths kept wet with cold water are wrapped round the 
pipe. The inside of the retort, before being used, should 
be rubbed over with chalk, flour, charcoal, or like sub- 
stance, to prevent the amalgam from sticking. It is not 
advisable to fill the retort over two-thirds full, lest, by 
its expansion, the vapor or exhaust-pipe becomes choked, 
and the apparatus bursts in consequence. The heat at 
first ought to be gentle, and applied to the shorter leg 
of the pipe and upper part of the retort ; then to all parts 
of the body of the retort alike. The heat may then be 
gradually increased, but never raised to a degree much 
above a bright cherry red. The quicksilver, on being 
condensed, flows into the receiver, which is generally 
kept filled with water. 
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SILVER RETORTS. 

The Silver Retort, as it is called, is as well adapted for 
the retorting of gold as of silver amalgam, when the 
quantity is large. The most approved retort is the cy- 
lindrical Some of the advantages of this style are, that 
it can be turned so as to substitute a sound for a burnt 
side, without destroying the brick-work ; also, for a sim- 
ilar reason, it can be replaced by a new one. For ex- 
ample, a retort formed of convenient size and propor- 
tions is sixty inches long; the main or cylindrio portion 
on the inside (thickness of metal one and one-half inches,) 
is twelve inches in diameter and thirty-six inches in 
length; the neck, of conoidal form, is twenty-four inches 
long and two and one-half inches least inside diameter. 
There is a Sange on the end of the neck to which the 
exhaust-pipe is secured by bolts. This pipe, the retort 
being properly set much like the common horizontal 
fine boiler, tmiis downward at right angles, and passes 
through the condenser. When in use, the condenser is 
kept filled with cold water to the height of the discharge- 
pipe near its top, by a small snpply-pipe which reaches 
near its bottom. The quicksilver-receiver, placed under 
the end of the exhaust-pipe, is kept nearly fall of water. 
The other end of the retort has an angle, flange or hood, 
into which the door is fitted. Within the cylindrie por- 
tion of this fiange, or hood, are two inclined or helix- 
formed lugs opposite each other. A " bar," turning upon 
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a pill in the centre of the door, holds it firmly in its place, 
by the ends of tbe bar catching under the iucUned or 
screw-fomied lugs. The joint between the door and bot- 
tom of the flange is made tight usually by means of clay 
luting. 

Two tiers of amalgam trays may be used in this re- 
tort at the same time, one above the other. The bottoms 
of the lower tier are circular, so as to cotiibrm to tlie 
shape of the retort. When the retort is in use, tempor- 
ary brick-work is sometimes built up in front of the door 
to prevent the escape of heat. 

CRUCIBLES. 

Crucibles are small conical vessels, narrower at the 
bottom than at the mouth, for reducing ores in dooimacy 
by the dry analysis, for fusing mixtures of earthy and 
other substances, for melting metals and compounding 
metallic alloys. They ought to be refractory in the 
strongest lieats, and not readily acted upon by the sub- 
stances ignited in them, not porous to liquids, and capable 
of bearing considerable alternations of temperature with- 
out cracking, on which account they should not be made 
very thick. The best crucibles are formed from a pure 
fire-clay, mixed with finely-ground cement of old cruci- 
bles, and a portion of black-lead or graphite. Some 
pounded coke may be mixed with tbe plumbago. The 
clay should be prepared in a similar way to that for 
making pottery- ware. Tiie vessels, after being formed, 
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must be slowly dried, and then properly baked in the 
kiln. 

Black Lead Crucibles are made of two parts of graph- 
ite and one of fire-clay mixed with water into a paste, 
pressed in molds, and well dried, but not. baked bard in 
the kiln. Tliey bear a higher beat than the Hessian cru- 
cibles, as well as sudden changes of temperatare ; hiive 
a smooth surface, and are therefore preferred by the 
melters of gold and silver. TJiis compound forms excel- 
lent small or portable furnaces. 

INGOT MOLDS. 

Ingot Molds are simple troughs made of cast iron. 
They are slightly wedge-formed, the cavity being some- 
what larger at the top than at the bottom. For example, 
the inside of an ingot mold two inches by six inclios at 
the bottom and two inches in height, should be about 
two and one-eiglith inches by six and a quarter inches at 
the top. The inside of the mold should be oiled before 
being used. 

It ia customary to put. the nominal capacity of the 
ingot mold per cubic inch for gold at one hundred and 
twenty-five dollars, and for silver at four and one quar- 
ter dollars. 
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STAMP MILL. 

The expression " Stamp Mill," in a limited sense, sig- 
nifies simply the batteries ; but in a broader aense, em- 
braces not only the batteries but the prime movers and 
all the machinery applicable to the reduction andconeen 
tration of ores, amalgamation and fm-ther ti-eatmeut of 
the precious metals. 

The work to which stamps are peculiarly well adapted 
is the reduction of fragmentary ores coming ii-oni the 
rock-breaker to a granular state, so as to pass through 
No. 4 or No. 5 screens. In this capacity, stamps aiTanged 
in straight batteries are unrivalled in efficiency, durability 
and simplicity. To accomplish the same kind of work, 
thousands of different machines have been put in opera- 
tion. These invariably have proved so many failures, 
and have shortly found their way to the furnace, or been 
lefb where first reared as monuments of a sad experience. 

A stamp weighing sis hundred and fifty pounds, and 
making ninety twelve-inch drops a minute for twenty- 
four hours, reduces about two and one-half tons of hard, 
tough rock from and to the respective sizes named, and 
requires nearly one-horse power for each ton of rock so 
reduced. For the reduction of gold and silver ores the 
usual ratio by weight of water to that of rock is as four 
and a half to one, while for the Lake Superior copper 
ores the ratio is as twenty to one by voluma 
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The fee<3mg of the rock into the battery should bo 
uniforio. The pi'actical rule is to so feed tliat iron to 
iron shall be heard as often as every tenth or fifteenth 
fall of the stamp. 

Looking to the erection of a Stamp Mill, location is a 
subject of scarcely less importance thaa that of determin- 
ing the prospective valae of the vein or mineral deposit 
for which the machinery is designed. Tiie site should 
be selected with a view chiefiy to its elevation, its acces- 
sibility to the mine and common thoroughfare, and to the 
facilities offered by the surrounding country for fuel, tim- 
ber and water. The height of the elevation for immedi- 
ate mill purposes should not be less than twenty feet ; 
besides, the fall below for carrying off the tailings should 
be at least one and a half inches to the foot, unless there 
may be a surplus of water. 

The floors of the mill should be arranged in steps so 
that the material under treatment shall pass from ma- 
chine to machine through the series with the least hand- 
ling. To secore the best results the foundations of all 
the machinery must be firm — those of the mortars in par- 
ticular. The timber in mortar foundations is placed, as 
to its grain, either horizontal or vertical. The horizon- 
tal foundation is composed sometimes of a single timber, 
and sometimes of several. In either case they are laid 
across mud-sills, or on brick or stone work. A single tim- 
ber, termed a " mortar block," being employed, the mor- 
tars are secured in their places either by large bolts or 
by being let into it. If several sticks (usually three) are 
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nBed, they are bolted together, one acting as a bed for 
the mortar and the other two as aide clamps. The ver- 
tical foundation is constructed in distinct sections, each of 
which, designed for a single mortar, is composed of sev- 
eral timbers framed and securely bound together with 
bolts, keys and hoops. In case of their being several 
sections, they are connected by clamps running length- 
wise of the batteries. The bed-rock is usually sought as 
the base of the vertical foundation, but when this lies 
too deep, resort is bad to mud-sills, brick or stone work. 
The end of each frame of timbera should be dressed 
level and smooth so as to make an accurate fit with 
the planed bottom of the mortar, which is to be bolted 
to it. The vertical foundation is preferable to the hori- 
zontal, for being separate from the battery frame, the 
jar occasioned by the fall of the stamps is not communi- 
cated to the other machinery. It is also firmer, thus 
rendering the blow of the stamp more efiective. Besides, 
in case of decay it can readily be repaired without detri- 
ment to the frame of the battery. 

Water and steam being common to most driven ma- 
chinery, a description simply of the principal modes of 
their connection with the quartz machinery of Stamp 
Mills is in tliis place deemed sufficient. The main driving- 
shaft is in some instances coupled with the cam-shaft, 
and in others is connected with it by means of a coun- 
ter-shaft and gearing, or belts and pulleys. When the 
coupling is used, the cam-shaft is frequently employed 
as a driving-shaft for the other machinery. In case of 
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the oounter-sliaft being adopted, it is usaally placed at 
the foot and in front of the batteries, but sometimes Is 
put from fifteen to twenty feet from them, and ten or 
more feet above the level of this position. The connec- 
tion between the intermediate and motor-shafts may be 
made by direct coupling or by intervening machinery. 
The stamps, grindevs and amalgamators, and commonly 
the separators ai'e driven by this shaft. 

Another counter-shaft for the rock-breaker, and sub- 
cownter-shafts deriving their motions from the main inter- 
mediate shaft, for driving respectively the amalgam at oi-s 
and tbe concentrators, are generally introduced. When 
the elevated counter-shaft is employed, the rock-breaker 
ia driven by a sub-counter-shaft placed on the top of 
the battery frame. As a general proposition the appli- 
cation of intermediate shafts" ia preferable to that of 
direct couplings; for in the former case, the batteries 
and the amalgamating machinery maybe run or stopped 
at pleasure, the one without interfai'ing with the other ; 
whereas in the latter case, the amalgamating machinery, 
receiving its motion through the cam-shaft, is subject to 
all its delays. Besides, both the motive machinery and 
that driven from the cam-shaft are exposed to no little 
wear and tear, arising from the jar produced by the fall of 
the stamps and the coneussion of the came and tappets. 
But whether it is betterto put the intermediate shaft near 
the foot of the battery or to elevate it as described, is not 
fully settled. If it is placed in the lower position its jour- 
nals and beai'ings, without extreme care, are liable to be 
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injured hy crushed ore from the battery getting into the 
pillow-blocks. Another important objection is that the 
cam-shaft belt is rendered too short to secure the best 
mechanical results; otherwise, as the running machin- 
ery is entirely out of the way of the workmen, the plan 
geema almost faultless. The shaft placed in tho upper 
position, these objections do not apply; but oao well 
worthy of no little attention does: the framework for 
the running machinery, the belts, tightening pulleys and 
other appliances taking up much valuable room, restrain 
the operations of the workmen. 

Having described in preceding article, somewhat in 
detail, the best known quartz machinery, and discussed in 
the present article the leading features of Stamp Mills, 
it is now proposed to consider Silver and Gold Mills, with 
reference to the arrangerdent of the machinery and the 
modes of operating it. 
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Aside from motors an3 connecting machinery, tbe 
principal machines of a Silver Mill are the Rock-breakers, 
Batteries, Tanks, Grinders and Amalgamators, Separa- 
tors, Concentrators, Betorta, Crucibles and Ingot Molds. 

Hock-Breakers. — The ore, as it comes in blocks i'rom 
the mines varying in siae from a ben's egg to that as 
large as a man can well lift, ia fed into this machine, 
which reduces it to an inch or so in diameter, A Blake 
Stone Breaker (aee description) with a feed opening nine 
by fifteen inches area, the crank making one hundred and 
eighty revolutions a minute, reduces from one hundred to 
one hundred and fifty tons of hard rock in twenty-four 
hours to a size suitable to be fed into the batteries, and 
requires about six-horse power. The rock, or ore, as re- 
duced, falls upon the battery "feed floor." Prior to the 
introduction of the rock-breaker into tbe mines the ore 
was " spalled " by hand-rollers or by stamps weighing a 
thousand or more pounds and having a fall of at least 
three feet. Ore is still prepared for further reduction by 
hand, when the amount does not exceed fifteen or twenty 
tons a day. 

Batteries. — The Batteries succeed the Rock-breaker at a 
distance of twelve or more feet. The " feed floor " of the 
former, depending on the available fall, is ten feet, more 
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or iess, below the floor of the former. The feed floor 
should be nearly level with the feed opening in the bat- 
teries, so as to save the labor of lifting the ore. It is 
often fi-om two to three feet below, but no good reasons 
can be assigned for this plan. The feeding of the ore 
should be uniform — {see description of Gold Mill). The 
materia! fed into the batteries being reduced suffieiently 
fine to pass through No. 4 or No. 5 Russia iron screens, 
flows into the tanks. It is customary to estimate that 
each stamp weigjiing sis hundred and fifty pounds, and 
making ninety ten-inch drops per minute, will crush 
about two and one-half tons of hard rock in twenty-four 
hours, and requires nearly one-horse power for each ton 
reduced. As a general proposition, all the conditions 
complied with, this is near the truth; but owing to the 
lessening weight of the stamp by wear, and the unavoid- 
able hindrances to continuous running, two tons a day 
for any considerable time may be i-egarded good work. 

Tanks. — The Tanks come next, and are usually set 
with their tops leve! with the upper side of the sills of the 
battery frame. They vary greatly in size. A common 
size is five by seven feet, and three feet deep. In these 
the ore is well settled, so that the water runs off quite 
clear. Proper " settling " of the ores is a matter of vital 
importance. The tank capacity cannot be too extensive. 
It is well to arrange these machines in a series, so that 
the ore borne along by the water througli the first of the 
series may be deposited in the second or third, and so on 
to the satisfaction of a rigid test. Silver ore, for the most 
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part being very friable to no little extent, becomes so fine 
in the process of reduction as readily, without extreme 
care, to pass off in tbe current of water. While a 
" charge " is being taken from one tank, the stream of ore 
and water from the battery is turned into another of the 
receptacles. The capacity of a tank of the proposed 
dimensions is between four and five tons of ordinary 
crushed ore. 

Grinders and Amalgamators. — These machines are 
placed near the tanks with their rims level with the 
tops of the latter. The "Excelsior Grinders and Amal- 
gamators," with muller four feet diameter, requife about 
five feet fall and seven feet run, including the platform, 
A less fail, however, will suffice by setting the separator 
with its top just below the level of the discharge-opening 
of the machine under consideration. In these machines 
the ore from the tanks is worked in charges and reduced 
to an impalpable paste or slime, or " slum " — (see " Treat- 
ment of Silver Ores by Amalgamation — Pan process,") 
An " Excelsior " of the proposed size, the muller making 
sixty-five revolutions a minute, will reduce full five tons 
of ore in twenty-four hours, and require about five-horse 
power. 

Separators. — The Separator follows the Grinder and 
Amalgamator. It is placed sometimes so that one of 
its sides is under the platform of that machine, and 
sometimes just from under it and more elevated, aa sug- 
gested above. The Conoidal Separator, seven feet diam- 
eter, requires of itself from four to five feet fall and 
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nine feet run, indudlng platform. As to details for 
operating this machine, see " Treatment of Silver Ores 
by Amalgamation — Pan process." In it can be well 
worked about ten tons of ore a day, at an expense of 
one horse power, providing the ore is not allowed to 
pack, 

Conoentralors. — The Concentrator succeeds the Sepa- 
rator, and requires, in case of the Tabular being em- 
ployed, about three feet fall and ten feet run. (For a 
■ particular deeoription of this machine, see " Tabular 
Conceati-ator,") The ore runs from the separator into 
it The lighter and poorer portions of the material flow 
off at the discharge end, and the heavier and richer por- 
tions pass off at the sulphuretr-plpe into the tank. It is 
capable of working from five to ten tons of ore a day, 
and requires not to exceed one half of a horse power. 

For description of Retorts, Crucibles and Ingoi Molds, 
the reader is referred to the articles under their respec- 
tive heads. 
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GOLD MILL. 

Gold Mills are in far greater variety than Silver, 
for the reduction of the vein-stone, concentration of the 
richer portions of the material under treatment, and the 
amalgamation of the precious metala. 

The same machines, that is, the rock-breaker, stamp, 
grinder and amaigamator, separator and concentrator, 
are employed both in gold and silver metallurgy, but 
are subject to greater modifleatioDS in arrangement in 
the treatment of gold-bearing rock than in the treat- 
ment of silver ores. 

In the treatment of silver, all the ores that are 
crashed are ground in pans, separated, etc., but in the 
treatment of gold-bearing rock, modifications in the 
arrangement of the machinery are mado according to 
the character of the gold, — viz. : 

Ist. If the gold is very fine and uniformly difi'ased 
through the rock, the machinery as arranged under the 
head of " Silver Mill " can be employed to advantage 
for its treatment; except that it is advisable to em- 
ploy a gi-eater number of concentrators and amalga- 
mators. The first series of these should be used imme- 
diately after the batteries, but simply as amalgaraatora. 
The whole mass should be treated. 

2d. If the gold in the rock is contained mostly in the 
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eulphurets, the concentrators and amalgamators should 
be empioyed immediately after the batteries. The con- 
eentratud portions of tbe rock should be ground in the 
grindere and amalgamators, worked in separators, and 
finally trcatod in another series of concentrators. 

3d. If the gold is quite coarse and clean in the rock, 
it will not be advisable to employ grinders and amal- 
gamators, and separators. 

4th. If the gold is coarse and coated it is advisable 
to work the rock by the " ooDtinuous process," as it is 
termed. 

Modifications in machinery, as observed, must neces- 
savily be made according to the character of the gold 
and the rock. 

The weight of authority is, in wet crushing, in favor 
of amalgamating in the battery. Great care in feeding 
the quicksilver into the battery must be observed. 

If too little quicksilver be fed the amalgam will be 
dry and granular, and will readily pass off in the stream 
of crushed ore. If too much quicksilver be fed, the 
amalgam will be liquid, aod will readily flow off in the 
current. 

The quicksilver should be fed in small quantities into 
the batteries, and fed often. It had better be fed by being 
sprinkled through buckskin, or some other porous sub- 

The rule to be observed is, to so feed the quicksilver 
that the amalgam passing the screens may be indented 
by a gentle pressure of the finger, and yet so firm as to 
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retain the indentation. Copper-plate, s 
times employed both inside and outside of the battery, 
but its use seems not well warranted. Its highest claim 
as an amalgamator rests almost entirely on accident ; 
but though it cannot be relied on as safe, it at least is 
harmless and cheap, and since the true principle is to 
"catch" gold at ali points where it can be done profit- 
ably, copper-plate, as an auxiliary, may perhaps be 
employed sometimes with seeming advantage. 
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REDUCTION AND CONCENTRATION OF 
OEES-DRY WAY. 

The ore, broken to the size of hickory nuts, maize, 
or so, is reduced by batteries (see Dry Moitar), rollers, 
or grinders. The grinding-platea are usually of ii^on, 
but sometimes of atone. 

To fit the ore for concentration it should be granu- 
lated — rather than pulverized. At the same time, in 
most cases, it has to be rendered quite flue to become 
detached from its vein-stone. 

Silver and Gold ores, for the most part, require finer 
reduction than do those of Lead, Zinc and Iron. To ac- 
complish fine granulation, none of the machines spoken 
of are free from objections. Thus the batteries tend 
to pulverize, so do the grinders ; while the faces of the 
rollers soon wear uneven and suifer portions of the ore 
to pass too coarse between them. On the whole, how- 
ever, for this class of work, rollers properly constructed, 
arranged and cared for, are perhaps the least objection- 
able. 

In farther fitting the ore for concentration, it is to 
be thoroughly UrieU and iizad. The drying ie effected 
by the msterial being spread on heated plates, passed 
through or over heated cylinders, let fall through cur- 
rents of hot air, or otherwise exposed to the action of 
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heat. Tlie sizing is accomplished by means of sieves or 
wii'e-clotfa boUa of different degrees of fineness. Tiiese 
put in motion, the prepared ore is delivered into the 
eiove or bolt of finest meah; thenee its unscreened por- 
tions pass into the next eoai^er boit, thence into the next 
. coarser, and so on, through the aeriea. The tailiugs are 
retnraed lo the reduotion works. 

Machines of various devices for concentration, or 
separating the heavier portions of ore from the lighter, 
have bee.n employed — some involving the well-known 
principle of winnowing — some that of projecting horizon- 
tally from an elevated position, the mateiial to be sepa- 
rated, into the air, which acting as a resisting medium 
causes the ore to fall from the point thrown at distances 
corresponding to the different specific gravities of its 
granules having the same size and form — the heavier 
being the more remote, — and others, that of sending 
puffs of air up through shallow layers of the granulated 
ore, causing its grains to become arranged vertically ac- 
cording to their respective specific gravities ; when by 
means of mechanical appliances their separation is com- 
pleted. So far as appears, the successful application of 
puffs of air to ore-dressing was first made by Mr, 
Thomas J. Chubb, of New Tork. The writer has op- 
erated the Chubb Concentrator on the ores of lead — 
galena, with highly satisfactory results, and is credibly 
informed that it has been worked on the ores of graphite, 
nickle, cobalt, silver, gold, and iron with equally flat- 
tering success. The intensity of the puffa of air is to 
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be regulated according to the fineness and epecific grav- 
ity of the material under treatment. Thua the puff 
barely of suJEcient strength for the coarser portions of 
the ore is found much too intense for the finer, which 
goes to prove the absolute necessity of careful sizing. 

The subsequent treatment of ores prepared in the dry 
way is the same as that of those reduced in the vset, 
that is, they are ground, amalgamated and separated in 
the same manner — (see Pan process). As to the relative 
merits of the two modes of reduction and concentration, 
it is to be stated that larger yields of the precious met- 
als may generally be obtained from the same amount of 
ore prepared by the d'>-y way than by the we?. The ex- 
pense of labor and the destruction to life and machinery 
are however greater, so that the wet, as before observed, 
is almost universally adopted — at least on this continent. 
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EXAMINATION OF MINERALS, 

The behavior of a mineval or metallic substance when 
subjected to certain tests, such oa being heated in glass 
tubes, either closed or open, on charcoal, in the oxidizing 
flame, melted in glass fluxes on pladnam wire, treated 
by acids and other reagents, deteimines its kind. When 
boras is employed, it should be vitrified. Tbe vitrified 
borax is prepared by melting at a browa-red heat, In a 
clay or Hessian crucible, common borax into a clear 
transparent glass. It is preferable that the platinum 
wire should have a small eye or loup at its test-end. 
The spirit-lamp should be employed. To make the 
boi-ax-test, heat the test-end of the platinum wire to red- 
ness, dip it into the powdered borax, then heat again, 
bring the borax globule in contact with the hot speci- 
men to be tested, and apply the flame till the specimen 
is dissolved. The color or other characteristics will show 
what kind of mineral is under examination. The spec- 
imen, if metallic, with scarce an exception, should be 
thoroughly roasted and its oxide subjected to the test. 

Borax (biborate of soda). Before the blow-pipe (B B,) 
intumesces and fuses to borax-glass ; with fluor-spar and 
bi-Bulphate of potash, colore the flame green ; soluble in 
water, the solution changes vegetable bhiea to green. 

Fluor-Spar (fluoride of calcium) B B, decrepitates and 
fuses to an enamel ; the flame continued, the specimen 
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assumes a cauliflower appearance ; heated with salt of 
phosphovua in a glass tube, it. etches or roughens tha 
inside of the glass. 

KUre — B B, deflagrates vividly, detonatea with com- 
bustible substances, dissolves readily in water; not altered 
by exposure. 

Phosphorus moistened with sulphuric acid, and heated, 
gives a green tinge to the flame. 

Chlorine — A substance containing chlorine, combined 
with the salt of phosphorus and oxide of copper, on the 
platinum wire, colors the flame deep blue. 

Quartz (silicic acid) undergoes no change alone ; with 
soda, readily fuses with eflervescence to a transparent 
glass. 

Sulphur heated in an open glass-tube emits fumes of 
sulphurous acid ; heated with soda, the compound, molat- 
eoed with water, blackens silver. 

Alumina (sesquioxide of aluminum) B B, unaltered, 
both alone and with soda, fuses with borax with great 
difiiculty, also with salt of phosphorus ; moistened with 
cobalt solution and brought to a high heat, becomes 
blue ; ia not attacked by acids. 

Antimony (oxide) B B, readily melts, evaporates in 
white inodorous fumes ; colors the flame greenish-blue ; 
with borax, in oxidizing flame, forma a yellow glass, 
which becomes colorless on cooling; in reducing flame 
the globule contracts, becoming gray and vitrious; 
with carbonate of soda, reduces to metal ; ia very friable 
and brittle. 
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Arsenie (oxide) B B, volatilizes ia white fumes of 
garlic odor; heated to redneBS, burns with a pale bluish 
flame. 

bismuth (oxide) B B, evaporates, leaving a yellow 
coating, on charcoal ; color, on wire, hot, is dark brown — 
coid, is yellow; with borax, ia colorless; with carbonate 
of soda, on charcoal, reduces to metal. 

lAme (oxide of calcium) B B, infusible alone ; with 
borax, effervesces ; with comparatively large quantity of 
borax, forms a clear glass which becomes angular on 
cooling; ia the flame of the oxyhydrogen blow-pipe 
emits a most dazzling white light, and fuses at the edges. 
Copper (oxide) B B, ia the oxidizing flame, fuses; in 
the reducing flame, forms metal ; with borax, in the oxidi- 
zing flame, colors the glass green ; in the reducing flame, 
brown-red. 

Cobalt (oxide) B B, unchangeable by itself; with 
carbonate of soda, on charcoal, forms a gray magnetic 
powder; with borax, both in oxidizing and reducing 
flame, gives a deep-blue bead. 

Tin (oxide) B B, ia the oxidizing flame, presents a 
dirty-yellow color ; with carbonate of soda, ia reduciag 
flame, on charcoal, reduces to metal ; with borax, forms a 
clear glass. 

Lead (oxide) B B, in oxidizing flame turns first blue, 
then fuses to a glass of oraage color ; with carbonate of 
soda, oa charcoal, in the reducing flame, reduces to metal ; 
with borax, forms glass yellow while hotj colorlesB when 
cold. 
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MckU (oxide) B B, infusible alone; in the oxidizing 
fiame, with borax, forms an orange-red globule which be- 
comes nearly colorless on cooling ; in the reducing flame, 
on charcoal, the bead becomes gray ; in the reducing 
flame, with soda, on charcoal, reduces to a magnetic 

Zina (oxide) B B, in the oxidizing flame, exhibits a 
whitish-green color ; while hot, this oxide is slightly yel- 
low — when cold, is white ; with borax, forma glass which 
in an intermittent flame becomes milky ; in the i-educing 
fiame, on charcoal, reduces to metal, which readily sub- 

Iron (pre-oxide) B B, in the oxidizing flame, is un- 
changed; in the reducing flame, blackens and becomes 
magnetic ; with borax, in the oxidizing flame, foi-ma glass 
bright-red while hot, pale dirty-red when cold ; in the 
reducing Same, forms glass varying from bottle-green to 
black-green ; with cai-bonate of soda, on charcoal, redu- 
ces to metal as a dark magnetic powder. 

Manganese (oxide) infusible alone, becomes brown by 
heat; with borax, in the oxidizing iiame, much oxide 
employed, the glass is black ; little oxide employed, the 
glass is of an amethyst color — in the reducing flame, and 
on charcoal, this latter globule becomes colorless and so 
remains if quickly cooled; with soda, in the oxidizing 
fiame and on platinum foil, forma an opaque green glass. 

Silver (oxide) B B, with borax, in oxidizing flame, 
foi-ma a white opaque glass ; in reducing flame, with car- 
bonate of soda, readily reduces to metal. 
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Gold (metal) B B, with carbonate of soda, in the re- 
ducing flame, readily fuses ; the most appropriate test is 
by cnpellation, 

TeUuriurn. (oxide) B B, colors the flame green, fuses 
and sublimes; with borax, in the oxidizing flame, forms 
a colorless glass ; in the reducing flame, the glass be- 
comes gi'ay ; ita behavior with carbonate of soda is 
similar as with borax ; on charcoal, readily reduces to 
metal. 

Soda (oxide of sodium) B B, colors the flame deep- 
yellow. 
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BEHAVIOR OF SOLUTIONS OF METALLIC 
OXIDES WITH REAGENTS. 

ZINC (osroE). 

Potassa and Ammonia, in ocutral solutions, give white 
gelatinoiiB precipitate, readily soluble in an excesa of the 
preeipitants. 

Oxalic Acid occasions precipitates which are soluble in 
acids and in fixed alkalies. 

Mrrocyanide of Fotassium produces a white gelatin- 
ous precipitatej insoluble in hydrochloric acid. 

COBALT (osiDB). 

Potassa prodnces a blue precipitate, insoluble in an 
excess of the precipitant, but soluble in carbonate of 
ammonia; the precipitate becomes green by exposure to 
the air, and dingy-red when boiled. 

Alkaline Carbonate.-! produce a red precipitate, which 
upon being boiled becomes blue. 

Fen-ocyanide of Potassium gives a green precipitate 
which gradually turns gray. 

Cyanide of Potassium precipitates cyanide of cobalt 
as a brownish-white precipitate from acid solutions, sol- 
uble in excess of the precipitant, and not again precipitar 
ted by acids. 



Hn^lcdbyGoOglc 



QDAKTZ OPERATOK 8 

IRON (pbotoiidb). 
and Ammonia produce a flooulent precipitate 
of hydrated protoxide of iron which at first is nearly- 
white, but which readily becomes colored by exposure to 
the air. 

Alkaline Carbonates produce a white carbonate, grad- 
ually becoming colored, though not so readily as the 
oxide. It is soluble in sal-ammoniac, but a colored pre- 
cipitate makes its appearance by exposure to the air. 

J<hrroeyanide of Potassium produces a white precipi- 
tate if the air be excluded ; but by exposure to air, or 
by contact with nitric acid or chlorine, it forma Prussian- 



'■e of Soda produces a white precipitate, which 
after a time becomes green. 

IRON (sKeqmoxiDB). 

JPotassa and Ammonia produce a volumiuouB reddish- 
brown hydrate, insoluble in excess. The precipitation is 
prevented by the presence of organic acida, sugar, etc 

Alkaline Carbonates throw down precipitates of rEither 
a lighter color. 

Sidphocyanide of Potassiv/m changes the color of 
neutral or acid solutions to a deep blood-red color, owing 
to the formation of a soluble sulphocyanide of iron. 
This is the most unerring test, as it will detect the slight- 
est trace of iron, even in the most dilute solution. 

Phosphaie of Soda produces a white precipitate, which 
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becomes brown, and finally disBolvea on the addition of 

MANGANESE (oxide). 

Ferrooyanide of Potassium produces a pale-red pre- 
cipitate, soluble in free acids. 

Fereieyanide of Potassium ^ybs a brown precipitate, 
insoluble in free acids. 

Phosphate of Soda produces a white precipitate, per- 
sistent in tbe air, 

LEAD (oxide). 

Potassa and Ammonia produce white precipitates, 
soluble in a gi'eat excess of potassa, but insoluble in 
ammonia. 

Alkaline Carbonates produce white precipitates, solu- 
ble in potassa. 

Phosphate of Soda occasions a white precipitate, solu- 
ble in potassa. 

Oxalic Acid produces in neutral solutions a white pre- 
cipitate, 

Sydrochloric Acid and Soluble Chlorides produce a 
heavy white precipitate, soluble in boiling water, out of 
which it separates, on cooling, in brilliant crystals. This 
precipitate is soluble in potassa, 

Bulphwrio Acid mid Soluble Sulphates produce a white 
precipitate, sparingly soluble in dilute acids, but soluble 
in solution of potassa, and assuming a black color when 
moistened with hydrosulphuvet of ammonia. 
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SILVER (OStDE). 

Potnssn and Ammoniu produce a light-brown, precipi- 
tate, readily soluble in ammonia ; ammoniacal salts pre- 
vent precipitation by potassa. 

Carbonated AlkaUes produce a wbite precipitate, sol- 
uble in carbonate of ammonia. 

Pkosphaie of Soda produces, in neutral solutions, a 
yellow precipitate, soluble in ammonia. Solution of ig- 
nited pbospbate of soda gives a wbite precipitate. 

I'rotoaulphate of Iron produces a white precipitate, 
consisting of metallic silver. 

Hydrochloric Acid and the Soluble Chlorides produce 
a white curdy precipitate, even in exceedingly dilute 
solutions. This precipitate becomes violet, and finally 
black, without, however, suffering decomposition by ex- 
posure to light. It is insoluble in diluted acids, but 
readily soluble in ammonia. When heated it fuses, with- 
out decomposition, into a homy mass. 

A Bar of Metallic Zinc precipitates silver from its 
solution, in the metallic state. 

MERCURY (oxide). 

Fotaisa produces a yellow precipitate, insoluble in 

excess. If an insufiicient quantity of the alkali be 

added, the precipitate is reddish brown. The presence 

of ammoniacal salts gives a white precipitate. 

Cairbonate of Ammonia produces a white precipitate. 
Phosphate of Soda produces a white precipitate. 
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Ferrocyanide of Fotassium produces a white precip- 
itate, whieli eventiiaUy becomes iDlue, owing to the 
formation of Prussian blue. 

Ferricyanide of Potassium prodacea, in solntions of 
nitrate and sulphate, a yellow precipitate ; iu solutions 
of the chloride, none. 

JodkU of Potassium produces a cinnabar red precip- 
itate, Boiubie in excess. It crystallizes out of a hot 
solution in magnificent crimson spanglea. 



BISMUTH (oKiDB). 

Potassa and Ammonia produce a white precipitate, 
insoluble in excess. 

Alkaline Oarbonales and Phosphate of Soda produce 
white precipitates. 

Mrroeyanide of Potassium occasions a white precip- 
itate, insoluble in hydrochloric acid. 

Ferricyanide of Potassium produces a light-yellow 
precipitate, soluble io hydrochloric acid. 

Iodide of Potassium produces a brown precipitate, 
readily soluble in excess. 

COPPER (oxidb). 

Potassa produces a voluminous blue precipitate, which, 
by boiling, loses water and becomes black. 

Ammonia, added ic small quantities, produces a green 
basic salt, which dissolves in excess, forming a fine blue 
solution. In this solution potassa produces In the cold, 
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after a time, a blue precipitate, TrHch, by boiling, be- 
comes black, 

Carionate of Potassa produces a greenisli-bliie pre- 
cipitate of basic carbonate of copper, which, by boiling, 
is converted into black oside. 

Phosphate of Soda produces a greenish- white precip- 
itate, soluble in ammonia, forming a blue solution. 

Fearocyanide of Potassium produces, even in very 
dilate solutions, a chocolate brown precipitate, insoluble 
in dilute acids, but decomposed by potaaaa. This is a 
very delicate test. 

FerHcyanide of Potassivm, produces a yellowish-green 
precipitate, insoluble in dilute acids. 

Cynanide of Potassium produces a yellowish-green 
cyanide, soluble in excess of cyanide of potassium. 

Metallic Iron, when introduced into solutions of oxide 
of copper, becomes covered with a deposit of reduced 
copper. 

ANTIMONY (oxiDB). 

Potassa and Ammonia produce a white precipitate, 
partially soluble in excess of the reagent. 

Alkaline Carbonates and Phosphate of Soda behave 
in a similar manner, 

Metallia Zinc throws down metallic antimony as a 
black powder ; if nitric acid be present the sesquioxide is 
precipitated at the same time. 

TIN (oxmB). 
Potassa, Ammonia and their carbonates produce a 
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white precipitate, Kolal»!e in potassa but not in ammonia; 
by repose, and more rapidly when boiled, the solution is 
decomposed — metallio tin, peroxide of tin and potasaa 
being formed, 

e of Soda produces a white precipitate, 

3 qf JPotassium gives a white gelatinous 
precipitate. 

Ferrieyanide of Potaanium occasions a white precipi- 
tate, soluble in hydrochloric acid. 

A Bar of Metallic Zinc precipitates tin in small gray- 
ish- white metallic spangles. 

Chloride of Gold produces a purple precipitate, a mix- 
ture probably of peroxide of tin and metaiUo gold (pur- 
ple of Casaius), insoluble in bydrocbloric acid. 

PLiTINUM (rasoKiDE). 

Potassa produces a yellow crystalline precipitate, con- 
sisting of the double chloride of platinum and potassium; 
the addition of hydrochloric acid favors its formation; 
it is insoluble in acids, but dissolves with the aid of heat 
in potassa ; it is very slightly soluble in water, and insol- 
uble in strong alcohol. 

Subnitrate of Merou/ry produces a yellowish-red pre- 
cipitate. 

Chloride of Tin, in presence of free hydrochloric acid, 
communicates to solutions of bi-chloride of platinum a 
deep red-brown color, without producing any precipitate. 

Platinum soluble in aqua-regia. 
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GOLD (PEEOXIDB). 

Potassa (ia heated solutions), after a time produces an 
inconsiderable reddish-brown precipitate, consisting of 
teroside of gold mixed with terchloride of gold and 



Ammonia produces a yellow precipitate (aurate of 
ammonia or fulminating gold). 

Ferrocyanide of Potassium communicates to solution 
of gold an emerald-green color. 

Protoaulpkate of Iron produces in concentrated solu- 
tions an immediate dark-brown precipitate of melallio 
gold. In dilute solutions a blue coloring is iirat per- 
ceived, followed by a brown-colored precipitate. 

Oxalic Acid produces a precipitate of metallic gold. 

Protodiioride of Tin, to which a drop of nitric acid has 
been added, communicates a reddish purple color to very 
dilute solutions ; in concentrated solutions a red-purple 
precipitate (purple of Cassius) is formed. 

A Bar of Metallic Zinc precipitates metallic gold in 
the form of a brown coating. 

Gold is soluble in aqua-regia, 

TELLUROUS ACID. 

The caustic alkalies and their carbonates produce a 
white precipitate, soluble readily in potassa, and soluble 
in alkaline carbonates. 

Sulphurous Acids, Alkaline Sulphites, and MetaUic 
Zinc, produce a black precipitate of metallic tellurium. 
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F^otoeMori^ of Tin and ProtosulphcUe of Iron pro- 
duce a black powder, ■which, on being rubbed, assumea a 
metallic lustre. 

Tellurium ia soluble in nitric acid. 

BLA.CE FLUX. 

Slack Mux ia prepared by introducing gradually in 
email quantities into a crucible heated to a very dull 
redness, a mixture of either two parts of cream of tartar 
and one of nitre, or equal parts of cream of tartar and 
nitre. 

WHITE FLUX. 
'Wfdte Fl'ux is similarly prepared to Black F!ux, except 
that the mixture consists of one part of cream of tartai 
and two parts of nitre. 
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BLOW-PIPE. 

The Blow-pipe is an instrument used for directing, by 
a current of air, the flame of a lamp or candle upon a 
mineral substance to fuse or oxidize it. The flame coa- 
Bists essentially of two parts— tlie "oxidizing" and "re- 
ducing," Ist, The "oxidizing" part is the outer and 
slightly luminous flame; 2d. The "reducing" part, which 
ia hottest, is the inner blue flame. 

The " reagents " mostly used in making blow-pipe tests 
are charcoal, carbonate of soda, cyanide of potassium, and 
borax. Blaek Flux and White Flux are much employed 
in assaying. 

CautioTi. — Cyanide of potassium ia a very dangerous 
flux. Its compound with a "nitrate" or "chlorate" 
explodes with great violence. 

Charcoal performs the part of a cupel as well as that 
of a reagent. The best charcoal is made of young soft 
wood. 

The " cupel," or " support," consists of a sound piece of 
coal, sawed or broken lengthwise, having a small caTity 
made in its plane side near the edge, to hold the sub- 
stance to be tested. The boras is prepared by being 
melted or vitrified, and pulverized. 

A.. — Slow-pipe Assays of Silver Ores coTdaining Sul- 
phur andArs&nie: 
Ist, Roast the pulverized ore within a shallow cavity 
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on the coal support. To do tliis, dii-ect by tlie blow- 
pipe the oxidiziiig flame, that is the extreme point of the 
outer flame, upon the powdered ore ; tarn the specimen 
occasionally so as to expose all of its parts to oxidation. 
Ijct the blast at first be gentle, then increased and con- 
tinued till the sulphurous odors cease. 

2d, Pulverize the roasted ore, and put it upon the 
charcoal within a prepared, cavity ; cover it over with 
carbonate of soda, and direct upon it the reducing flame, 
that is, the inner blue flame ; let the blast at first be 
gentle, and chiefly employed in fusing and bringing 
together all parts of the flux, then increase the blast, 
shaking the support or coal, so as to gather the metal in 
one globule, which cool and extract from the slag. 

Sd. Cupel the btttton thus obtained, adding to it three 
parts of lead in a boneash cupel. To do this, employ 
the oxidizing flame by using a very gentle blast. Cool, 
weigh the button, and compare its weight with that of 
the original ore. 

J5, — Place within the cavity, on the charaoal, a mixture 

of- 

Powdered ore, (not necessarily roasted) 1 part 

Borax-glass (pulverized) 1 part 

Lead : (Litharge preferable when earthy sub- 
stances are present; and then it is also 
advisable to make an addition of carbon- 
ate of potash and glass) 3 parts 

and direct upon it the reducing flame till all the metal is 
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gathered into one button. Let the Wast at first be gen- 
tle and chiefiy directed upon the borajc, then increased 
and continued till the object is attained. Extract and 
cupel the button as in example A. 

C. — Blow-pipe Assay of Som Silver. Place within, the 
cavity, on the charcoal, a mixttire of: 

Horn Silver (chloiude of Silver) .,..-. 1 part 

Carbonate of soda (in excess) 3 parts 

and reduce iu the inner blue flame to a button, etc 
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ASSAY, 
e three kinds — Mechanical, Dry, and Mumid. 

MECHANICAL ASSAYS. 

Mechanical Assays consist in washing, or otherwise 
freeing, without the aid of chemical agents, the metalHo 
substances from sand and other impurities. " Panning 
out," or separating the gangue (earthy matter) from the 
metallic substances by washing in common mining pans, 
also winnowing, as practiced on rich dry sands are 
familiar examples of mechanical assays and require no 
explanations — the former of which often furnishes safer 
and more practical data for extensive operations, especi- 
ally in gold mining, than either the dry or Ivwnid way. 

DRY WAY OF ASSAY, 
The "dry" way of assaying usually requires the ad- 
dition of fluxes to the ores to facilitate their reduction, 
and separate the metals so reduced from the gangues. 

Assay of Galena, or Ores of Lead containing Swl- 
phv/f. — Introduce into an earthen cracible in the fol- 
lowing order ; 

Powdered Oi-e 10 parts 

Iron in strips or plates 1 to 3 parts 

Black Flux 30 parts 
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Place upon the black flux a thick layer of salt, and on 
this a piece of charcoal. Put an earthen cover on the 
crucible, and fuse its contents, letting the temperature, 
at first low, be gradually increased to bright red, and 
continued at this degree about half an hour. Gently 
rap the crucible, to settle all the metallic particles ; then 
cool the assay, and extract the button of lead. 

Assay of Oxidized Ores of Lead. — Introduce into an 
earthen crucible : 

Powdered Ore 10 parts 

Carbonate of Soda 30 to 40 parts 

Pulverized Charcoal 3 parts 

Iron, in strips or plates, in case any sulphur 

may by present 1 part 

Cover with ealt, etc., and conduct the aasay as in the 
preceding case. 

Assay of Iron. — Fuse in a covered crucible about one 
hour, a well triturated mixture of: 

Powdered and Roasted Ore 2 parts 

Fiuor-Spar 1 part 

Charcoal 1 part 

Common Salt, e. g. (for covering) 4 parts 

Extract and weigh the button of cast iron thus ob- 
tained. Various other fluxes, as lime, clay, etc, may 
be employed. The nature of the ore and its gangnes 
determine the kind and proportion of fluxes to be em- 
ployed. 

Assay of Copper Ores, containing no other metals 
hesides Iron cmd Copper. — Heat gradually at firstj in an 
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eaitlieti crucible, and afterwards increase the heat to 
bright red, which continue fifteen minutes : 

Powdered Ore 1 part 

Black Flux , 3 parts 

Extract from the slag, and weigh the button of copper 
thus obtained. 

Assay of Copjjer Ores, containing Sulphur, hit other- 
wise siinilar to the above. — Fuse in an earthen crucible, 
at a dull red heat, equal parts of the powdered ore and 
dried borax, extract from the slag the matte (crude cop- 
per) button, which pulverize ; roast slowly in an earthen 
crucible, and stir in the meantime with a steel rod till 
sulphurous acid ceases to be evolved ; then increase the 
temperature to a white heat, which continue for several 
minutes; next, mix in the same crucible: — 

Roasted matte 1 part ■ 

Black FIus, from 3 to 4 parts 

Cover the mixture with a layer of fused borax, and subject 
it to a cherry heat for twenty minutes in a wind furnace ; 
then extract and weigh the button of copper. 

Assay of Copper Ores containing Arsenic and various 
otJier metals. — Obtain and pulverize the matte as in the 
preceding case, then roast with it powdered charcoal till 
' the garlic odors of arsenic cease to be exhaled. Keduce 
tlie matte thus obtained as in the last case with black 
ilux aud borax. Cupel the button in a bone-ash cupel, 
with pure lead. Throw a little borax-glass over the 
globule when its rotation ceases and brightening occurs; 
cool, and weigh the button of copper. 
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Assay of Gold or Silver or Gold or Silver Ores. — Fuse 
ill an earthen ci'iicible : 

Powdered Ore. 4 parts 

Litharge 4 parts 

Black Flux 3 parts 

If the ores contain much oxide of lead, add only black 
fiiLx. If tlie ores are very rich in pyrites, add litharge 
and nitre. If the button obtained be an alloy, for in- 
stance, of gold, silver, copper and lead, make additions 
to it of silver and lead, so that the prepared alloy shall 
contain as near as may be of — 

Gold 1 part 

Silver 3 parts 

Lead, from, 12 to 16 parts 

First fuse the lead in a bone-ash cupel, within a muffle; 
then add the gold and silver inclosed in a piece of paper, 
and continue the heat till the button bnghtens and 
becomes tranquil ; cool, and weigh the button. To sepa- 
rate the gold from the silver, called " parting of gold," 
anneal, beat the button into a thin plate, make it into a 
roll, which is termed a " cornet." First heat this plale or 
cornet in dilute nitric acid as long as the acid acts upon 
it, then ia concentrated nitric acid till all of the silver is 
dissolved. Thoroughly wash, dry and ignite the cornet. 
The weight of silver ie equal to the weight of the button 
before parting, iesa that of the refined cornet, 

Ekmaek. — Chloride of silver (horn silver) ca«not be 
decomposed by heat alone. It fuses at a temperature 
of 500° F, At a temperature of ebullition it is decom- 
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posed by oaastic potaesa and soda, and if a little cane 
Bugar be added, the silver will be reduced to the metallic 
state. It is also reduced to the metallic state when fused 
with the alkalina and earthy carbonates. Thus one part 
of the chloride of silver fused with two parts of carbo- 
nate of soda is reduced ; also one part of the chloride of 
silver with two parts of chalk and two parts of charcoal 
reduces to the metallic state. Chloride of silver cannot 
be decomposed by charcoal unless water be present ; in 
wbicli case hydrochloric acid and carbonic oxide are 
formed, and tlie silver liberated. Copper, tin and lead 
reduce chloride of silver in the dry way. Mercury pai-- 
tially decomposes it, fonning an amalgam of silver. The 
chloride of silver, in a state of fusion, is very destructive 
to earthen crucibles, scarcely less eo than litharge. 



HUMID WAY OF ASSAY. 

Assay of Galena. — 1st. Digest the powdered ore in 
equal parts of nitric acid and pure water. — 2d. Filter and 
digest the residuum sevei'al hours with a strong solution 
of carbonate of soda. — 3d. Filter and digest the second 
residuum in dilute nitric acid, and again filter. — 4th. 
Add eitlier a solution of the sulphate of soda or sul- 
phuric acid to the collected filtrates, as long as any pre- 
cipitate takes place.-'-5th. Filter, then wash and dry the 
residuum.— 6th. Reduce the residuum with powdered 
charcoal in an earthen cruuiblej cool, and weigh the but- 
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Assay of Copper Ores. — Ist, Digest the powdered ore 
ifl dilute nitro-muriatic acid. — 2d. Filter tlie aolution.— 
3d. Add ammonia in excess to the filtrate.— 4th. Filter 
and wash residuum in ammonia. — 5tb. Evaporate the 
iiltrate to dryness, — 6th. Dissolve the dried filtrate in 
muriatic acid. — 7th. Add clean iron or zine plates to the 
aolution much diluted. — Sth. Wash dry, and weigh the 
copper precipitate. 

Th^ Swedish Method — 1st, Digest the thoroughly 
roasted and powdered ore in concentrated muriatic acid, 
stir well, and evaporate nearly to dryness.— 2d, Add, 
slowly, strong sulphuric acid till the odor of hydro- 
chloric acid is no longer perceived ; then heat till the 
vapors of salphurio acid begin to develop. — 3d. Dilute 
with distilled water, and keep the assay warm for some 
time. — ith. Filter and wash the residuum in warm water. 
— 5th. Add and retain in the solution clean zinc plate 
till no reddish tinge be given to a clean plate of iron dip- 
ped into the assay, — 6th, Wash thoroughly the precipi- 
tate, dry at a temperature of 212°, and weigh the metah 
— 7th. In case the precipitate be found partially oxidized, 
complete the oxidation by heating the assay in an open 
dish, and weigh the oxide of copper; thus — 100: V9,8 : : 
weight of oxide : weight of copper. 

Assay of Silver Ores. — 1st. Digest the pulverized ore 
in nitric acid, — 2d. Add muriatic acid or solution of 
common salt to the silver solution as long as any pre- 
cipitate tahes place. — 3d. Filter and dry the residuum, — 
4th. Reduce the dry residuum with carbonate of soda, 
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ill an eartiien crucible; then cool, and weigh the button 
of siivei". — Chloride of Silver, called, as foand native, 
" horn-silver," is completely insoluble in nitric acid, also 
in water. — Ammonia, boiling solutions of the chlorides 
of potassium, sodium, barium, Btrontium and calcium, also 
cyanide of potassium, in solution, dissolve the chloride of 
silver. Concentrated sulphuric acid slowly decomposes 
it. Iron and ainc at the ordinary temperature decom- 
pose it, especially in presence of free muriatic acid.— -^w- 
mide of Silver in almost every respect resembles chlo- 
ride of silver; it is, however, less soluble in ammonia. — 
Iodide of Silver, found also native, is readily converted 
into chloride of silver by muriatic acid. 

Assay of Gold Ores. — 1st. Digest the pulverized ores 
iu one part of nitric and four parts of hydrochloric acid. 
— 2d. Dilate, filter and evaporate the filtrate almost to 
dryness, to expel excess of acid, — 3d. Dilute the dried 
filtrate in pure water ; then boil the solution with a solu- 
tion of sulphate of iron, which precipitates the gold as a 
dark purple powder, — 4th. Filter and heat the residuum 
with hydrochloric acid, — 5th. Filter, wash, dry and weigh 
the gold powder. Oxalic acid, substituted for the sulphate 
of iron, precipitates the gold in large fiakes. 

ASSAY OR ANALYSIS OF IRON ORES CON- 
TAINING MANGANESE, 

let. Digest the roasted and pulverized ore in dilute 
hydrochloric aeid. — 2d. Filter, wash residuum, and add 
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washings to the filti'ate. — 3d. Add muriate of barytcs 
until no farther precipitation takes place. — 4th. Filtev, 
wash, and add washings to the filtrate. — Sth. Evaporate 
the filtrate nearly to dryness, and to it add sufficient nitrio 
acid to transform the snlphate of iron to peroxide. — 6th, 
Add solution of caustic ammonia in excess to the solu- 
tion. — 7th. Filter and reduce the iron to the magnetic 
state by heating the residuum with resin in an iron cru- 
cible; then cool and weigh. — 8th. Precipitate the oxide 
of manganese from the filtrate, by oxpelUng the excess 
of ammonia by heat. — Wiien the ores contain much al- 
or sllex, flux thent with three or four times their 
I of caustic potash, then digest in hydrochloric 
id, and proceed as above. 

ASSAY OR ANALYSIS OF ORES CONTAIOTNG 

GOLD, SILVER, COPPER, LEAD, IROK 

AND SULPHUR. 

1st. Digest well the pulverized ore in nitric acid, — 
2d. Filter, wash residuum (1), and add washings to fil- 
trate (1). — 3d. Add to filtrate (l) hydrochloric acid or 
solution of common salt, which precipitates the silver as 
a chloride. — 4th. Filter, and digest residuum (2) in 
hydrochloric acid.— -5th, Filter, wash residuum (3) in 
warm water, and to filtrate (3) with the washings add 
filtrate (2),-^6th. Reduce the chloride of silver with car- 
bonate of aoda by fusion, and weigh the button of sil- 
ver. — Vth. Add to filtrate (3), sulphate of aoda in sola- 
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tioDj wbioh precipitates the lead as a sulphate. — 8th. Filter 
and add the residuum to residuum (1).— 9th. Evaporate 
filtrate (4) to any desii'able extent, — 10th. Add, in excess, 
to concentrated filtrate (4) ammonia, which precipitates 
seaquioxide of iron. — 11th. Filter, wash residuum, and 
add washings to filtrate (5). — 12th. Dry and heat the 
residuum in hydrogen gas within a glass tube as long as 
any vapor of water is disengaged, then weigh the iroa. 
This powder, with glass as a flus at a high heat, becomes 
a button of iroa. — 13th. Treat filtrate (B), after evapo- 
rating it to dryness with hydrochloric acid, then add 
clean iron or zinc plates to the solution diluted. Wash, 
dry, and weigh the copper precipitate. — 14th. Treat res- 
iduum (1) first with a strong solution of carbonate of 
Boda, then with dilute nitric acid ; and to the combined 
filtrates add sulphuric acid, or a solution of the sulphate 
of soda- Wash, dry, and reduce the precipitate with 
powdered charcoal in an earthen crucible; then cool 
and weigh the button of lead. — 15th. Digest the last 
residuum in nitro-muriatic acid; add chloride of sodium 
in solution, filtrate, precipitate the gold from its solution 
by the addition of sulphate of iron in solution ; wash, 
dry, and weigh the gold. — 16th. If the gold may be al- 
loyed with silver and copper, precipitate the copper from 
the last filtrate by the addition of iron or zinc plates ; 
wash, diy, and add the weight of the precipitate to the 
copper already obtained. Heat the residuary ore in a 
strong solution of chloride of sodium, filter and precip- 
itate the silver with a clean copper piate; wash, ignite 
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and add the silver to tliat already olitained.— I7th. 
Burn off the sulphur and weigh residuary ore. The sura 
of the weights of the gold, silver, copper, lead, ii-on aud 
calftined ore taken from the weight of the original ore 
leaves the weight of the sulphur. 
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employed to dissipate the volatile parta of 
the ore by heat, and is effected in Heaps or in Fi/,macea. 

HEAPS. 

Alteraate layers of fuel and ore, usually as it comes 
from the mino, are heaped up to the depth of several 
feet. The lowest or ground layer is of wood, arranged 
by cross piling so as to afford a free circulation of air. 
The upper layer's may be of wood or coaU The ratio of 
fuel in volume to that of ore varies from 1 to 6, to 1 to 18, 

Fine ores, and those rich ia sulphur, require less fuel 
than coarse ores and those poor in sulphur. The fire ia 
kindled through vertical opeuiugs or chimneya, which 
extend to the ground layer. These openiags are closed 
when the fuel has well taken fire. The roasting should 
be slow and uniform in all parts of the heap. The heat 
may be regulated by opening or closing the draft-holes 
and chimneys. Several days, and even months, some- 
times are required for roasting one heap. Ores similarly 
piled with fuel are sometimes roasted in walled iucloaures 
provided with side opeuiugs. 

FUENACES. 
Furnaces are hi great variety. Those mostly approved 
of ores, embracing also calcining and 
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cliloridizing, are the reverberatory. The interior walls 
of the farnace should be of the best fire brick, laid edge- 
wise; the outer walls may be of common building brick 
or stona The furnace must be well tied witb iron rods, 
i,nd carefully dried before being used. 

Eeverberaiory Furnace. — The Reverberatory Furnace 
iS constructed sometimes with one and sometimes with 
two hearths or soles, one above the other. In tha 
" double-hearth " farnace, in the treatment of silver ores, 
the "roasting" and " sulphatization " are effected on the 
upper sole, and tho " calcining " and " chlorodlzing " on 
the lower. The ore pulverized fine is charged upon the 
upper sole to the depth of two to four inches, and is kept 
well stirred during the " roasting." The heat should bo 
at a low temperatui-e, not exceeding brown or dull red. 
The access of air should be free. A small jet of steam 
let into the furnace assists in regulating the temperature, 
and also facilitates oxidiation. The addition of powdered 
charcoal in small quantities may be made to advantage 
when the ores contain arsenic If the ores are poor in 
sulphur, add from two to three per cent, of the sulphate of 
iron. The first operation of " roasting " and " sulphatiz- 
ing " is accomplished in four or five hours. Then, through 
an openmg in the upper hearth, the ore is let fall upon 
the lower, where it is heated for some time at a tempera- 
tare not much higher than that mentioned above. The 
heat is then gradually increased to cherry-red, at which 
it is kept during the time required for " calcining " and 
" chloridizing." The heat should never exceed bright 
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i-fd. Tlie oi-G is frequently stirred. When calcination is 
complete, a mixture of common salt, melted and pulver- 
ized, and seven parts of cold calcined ore are added to the 
hot ore, estimated at fifteen parts, and quickly and thov- 
oughly mixed with it by stirring. Calcination is usually 
effected in four or five hoars, and chlorination in fifteen 
or twenty minutes. 
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SMELTING. 

Smelting is a process by wliich ores are reduced tc 
the metallic state. It is performed in furnaces of which 
there are several kinds. The " Backwoods hearth," or 
" low " furnace, without artificial draught, also the 
" Scotch and American hearths," or " low-blaat " furnaces, 
are employed on some ores, especially those rich in ga- 
lena. The furnaces mostly approved for smelting pur- 
poses are the "Cupola" and the " Reverheratory," al- 
ready mentioned under the head of "roasting." Each of 
these is subject to vaiious modifications in size and form 
to meet the requirements of the nature of the ore, and of 
local causes. 

The Cupola, or "high-blast" furnace, has a vertical 
opening of gi-oater height than breadth. This opening or 
chimney-like shaft in a furnace of medium size is about 
fifteen feet high, and has an area through ita greatest 
horizontal section of nearly twelve square feet : thia 
section is usually rectangular H n the Castil- 

ian furnace it is circular, and n h Ma Kenzie patent 
furnace, very favorably know m n p t ca! furnace- 
men, it is quite eUptical. Th 1 1 t at ong current 
of air, is forced into the low j a t f th haft through 
one or more tongues. The feed-opening ia several feet 
above the bottom. The ore fed into the "Cupola" fur- 
nace with the fuel is in contact with it, and subject to 
the direct action of combustion. The flames, as they 



Hn^lcdbyGoOglc 



SMELTING. 113 

rise, impart mucli of tlieir heat to the ore, arranged in 
layers one above the other, and finally pass off at a tem- 
peratm-e far below tiiat of the flames from the " liever- 
beratory." The " Cupola," compared with the "Eever- 
beratory," as to first cost, expense for fuel, manipulating 
and repairs is the more economical ; but as to results, 
especially in the treatment of rich ores containing Kttle 
or no quartz, the " lieverberatory " has the preference. 

In smelting operations, as heat alone is frequently in- 
Bufiicient to induce the necessary chemical changes, fluxes 
are employed. These are substances having an affinity 
for some portion of the material under treatment, and 
cither effect its volatilization or form with it a fusible 
compound or slag. This slag, lighter than the metal, is 
often sepai'ated from it, either by being drawn off from, 
the surface, or suffered to remain until the metal is drawn 
from underneath. The flux to be employed depends 
upon local causes and upon the nature of the ores and 
gangnes to be operated on. 

Quartz, constituting the gangue of the ore, carbonate 
of soda, lime, and the oxides of the base metals may be 
employed as fluxes. The gangue, consisting of the difier- 
ent earths and the oxides of base metals, carbonate of 
soda, litharge, and quartz may be used. The ores con- 
taining much sulphide may have as fluxes, carbonate of 
soda, lime, metallic iron and litharge. Granulated lead, 
lead ore and litharge may be regarded fluxes for gold and 
silver. The fluxes of most general use are carbonate of 
soda, limestone or lime, litharge, iron and fluor-spar. 
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Gold occurs in nature chiefly in the form of alloya, the 
moat important of which is "native" gold (so called), 
consisting of goicl, silver, and smalt quantities of copper, 
iron, and other naetals. Gold is found alloyed with 
rhodium and paladiwm ; amalgamated with mercury, 
and occasionally combined with teUariura in the form of 
an ore, the telluride of gold. 

TREATMENT OF ORE CONTAINING GOLD. 

The treatment of ore containing gold is effected by 
three distinct systems — Smelting, Amalgamaiion, and 
Chlorination, 

BY SMELTING. 

The method by smelting in moat cases is identical with 
that in the treatment of silver ores, to which reference 
ia here made. 

Mdhr's Lead Process. — An air-tight vessel ia partly 
filled with lead kept in a melted state by a fire below. 
The pnlverized ore is made to pass down a central pipe 
or cylinder into the lead, through which it passes, and 
then rises into the chamber, floats on the surface of the 
metal, and is removed through a side opening. The gold 
ia supposed to be thoroughly amalgamated or alloyed 
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with the lead, from whiuh it is afterwards obtained by 
cupellation. 

BY AMALGAMATION. 

Arastra. — 1st. The ai'astra is a machine emjiloyed for 
the reduotion of ores and the amalgamation of the pre- 
cious metals. It ia composed of a stone-paved bottom 
from six to twenty feet in diameter, wooden-rim two feet 
and upwards in height, and an upright wooden shaft 
having two or more horizontal arms, to which are at- 
tached, by chains, the "mullers," consiBting of large 
blocks of graiiito. — 2d. The ore in pieces not larger 
than hens' eggs is introduced into the machine, and the 
muller set revolving at the rate of four to seven feet a 
second. As the reduction proceeds, quicksilver from 
time to time is sprinkled tlirough a cloth or other porous 
substance into the mass under treatment. — 5d. When the 
reduction and amalgamation is completed, the " slime " or 
" gangue " is washed o^ the amalgam is " cleaned op," 
" squeezed " and " retorted." 

_Pct«, Frocess.— 1st. The rock as it comes from the 
mines is crashed wet by stamps to a fine granular state, 
and run into large tanks. — 3d. Charges of the reduced 
ore, with sufficient water to form a thin paste, are 
thoroughly ground in iron pans. Ae gold in rock exists 
almost without exception in a metallic state, friction 
with a moderate degree of heat is usually found quite 
sufficient to fit it for amalgamation. Heat, however, is 
often employed in the amalgamation of gold, and for the 
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most part in the form of steam. TJie steam is let in 
some cases djrect into the charge in the pan, but ia 
usually applied in steam chambers underneath the pulp. 
The latter method is preferable to the former. Exhavist 
iteam, charged with oily matter, ia dtitriniental to amal- 
gamation, and hence should not he introduced into the 
pulp. It is the' exhaust steam that is commonly em- 
ployed for heating the ore under treatinent. That a 
high degree of beat facilitates the amalgamation of gold 
is not witbout its advocates. The I'esults, however, of 
an extended series of experiments made by sevei-al ex- 
pert amaigamatore in California were not in favor of its 
application. — 3d. Quicksilver is ordinarily added to the 
pulp as the pans commence running. To avoid grinding 
tho quictsilver excessively, the addition is sometimes 
made with the muUer slightly raised, after the reduction 
of the ores. — 4th. The charge is then drawn off and 
washed, leaving the amalgam in the separators. — Sth. 
T5ie proportions usually observed, for instance in the 
Wheeler & Randall Grinders and Amalgamators, ai-e, 
ore to the charge (4 feet muller), 1,500 pounds; quick- 
silver to the charge of ore, 100 pounds; revolutions of 
muller, 60 to 7S ; time of reducing, usually about 3 
hours. 
As gold-hearing rock is seldom found sufficiently rich 
, to render it advisable to treat the entire mass in pans, 
tlie above method is subject to various modifloationa, of 
which the following are a few: — lat. The heavier and 
richer portions of the rock, as crushed, are concentrated 
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by revolving-blankets, buddies, concentrators, or otber 
machinevy, then pulvemed and amalgamated In pans. — 
2d. Amalgamation is commenoed in the batteries daring 
the crushing operation, and is oarried on through a 
series of shaking tables, rifiies, and copper plates. The 
richer portions of the tailings are then concentrated and 
treated in pans, — 3d. Grinding and amalgamating are 
effected In pans while the reduced ores are flowing con- 
tinuously through them. — 4th. The sulphides or concen- 
trated tailings are roasted in a reverberatory furnace 
before being ground and amalgamated. — 5th. Thin lay- 
ers of the concentrated sulphides or tailings are spread 
in incloaures open to the sky, and allowed to remain a 
long time, for instance a year. The tailings are occasion- 
ally turned with shovels, and the lumps broken so as to 
expose as much surface as possible to the action of the 
air. Common salt, mixed with the tailings, assist in their 
oxidation. When thoroughly oxidized they are treated 

The process of amalgamation is not well adapted to 
raw ores containing the compounds of sulphur, arsenic, 
tellurium, bismuth, iron, lead, copper, antimony and zinc. 
These substances not only cause a " sickening " of the 
quicksilver, but so tarnish or " ooat " the gold as to ren 
der amalgamation next to impossible. For the most part 
such ores should be thoroughly roasted and the deleteri- 
ous substances volatilized before attempting amalgama- 
tion ; or in many cases it may perhaps be better to sub- 
ject thera to smelting. 
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SagarHs Froceas. — ^In this process, pyiitous ores are 
heated red hot in s, tall furnace and subjected to the 
action of a cuiTent of super-heated steam, obtained by- 
passing dry steam through a coil of pipe in the fire-place 
on box below. It is claimed that the heated watery- 
vapor is decomposed, and that the oxygen and hydrogen 
combine with the elements of the ore, converting the 
sulphides into oxides with the liberation of the gold, 
while the sulphur combines with the hydrogen, forming 
sulphide of hydrogen, which is burned. The wasted ore 
la reduced to a fine powder or slime, and subjected to 
amalgamation. The reports are oonflictiDg as to results. 



BY CHLORINATION. 
. 1st. Pulverized ores containing gold, having been well 
roasted, cooled and moistened with water, are put into 
closely-covered wooden cisterns whose bottoms are so 
constructed that chlorine gas can penneate the mass 
from uuderneath. The ore containing " lime " and " talc " 
should be roasted with salt, as those substances are 
highly detrimental to chlorination.^2d. Chlorine gas, 
prodnced by heating sulphuric acid, peroxide of mangan- 
ese and common salt in a leaden generator, is caused 
to enter the cisterns at the bottom, through leaden pipes. 
The chlorine gas should be forced through clean water, 
to cleanse it of muriatic acid, which in several ways ia 
very injurious to the operation. The efiect of the chlo- 
rine on the gold is to prodace terchloride of gold. — 3d. 
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Pure water, after the chlorine has done its duty (which 
takes from tea to fifteen hours), the covere of the dis- 
solving cisterns being removed, is added sufficient to fill 
the cisterns even ivith the ores. The effect of the water 
is to dissolve the tei-chloride of gold ; the solution is 
then drawn off into glass vessels.— 4ih. Sulphate of Iron 
in solution is used to precipitate the gold, which may 
then be gathered, melted, and run into bars. 
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Silver occurs in nature under many fonns, viz : 

Native Silver. — Native Silver sometimeB occurs almost 
chemically pui-e, but often is in alloy with gold, copper 
and other metals. 

Antimonial Silver and Biamuth. — These alloys, owing 
to their scarcity, are of but little commercial value. 

JVative Amaigam. — The composition o£ several known 
varieties of native amalgam ia— silver, 34.8 ; mercury, 
65.2; silver, 26.25 ; mercury, 73.15; silver, 86.49; mer- 
cury, 13.51. 

ORES OF SILVER. 

The ores yielding the greater part of the entire annual 
product of silver, and hence the most important, are : 

Silver Glance. — This ore, known also as Vitreous Sil- 
ver, Sulphide of Silver, is, on account of its abundance 
and richness, the first in importance. Its composition 
is — silver, 87.04; sulphur, 12.96. 

Steph(mite. — This ore, known as Brittle SOver Ore, 
Black Silver, ranks second in importance. It is com- 
posed of — silver, 70.4 ; antimony, 14,0 ; sulphur, 15.6. 

I^rargyrite. — This ore, its name implying ruby silver, 
is usually black ; sometimes, however, approaching coch- 
ineal-red. Its composition is — silver, 58.98; antimony, 
23.46; sulphur, 17.56. 
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Chloride of Silver. — This ore, known as Horn Silver, 
Muriate of Silver, ■when found in large quantities, as in 
Nevada, is very valuable as an ore. It has, however, not 
been found to extend downward in mineral veins to any 
considerable depth, but to have been succeeded by sul- 
phides, arsenides and oompounds of antimony. Its hard- 
ness is but little above that of talc, often the same. Its 
composition is — silver, 75.33; chloride, 24.67. Many 
other ores of silver occur, but are comparatively of little 
commercial importance. The following comprise nearly 
or quite all the ores of silver known : 

/Silver Native — Usually found alloyed with copper, 
gold, etc. 

Silver Glance — Vitreona Silver, Sulphnret of Silver 
(AgS), S12.96, Ag87.04, H=2-2.6, G=z7.196-V.365. 

J/essiie— Telluric Silver, AgTe^Te37.23, Ag62.77, H 
=2.-2.5, G=8.3~8.9 

iVaMmtmMife— AgSe=Se27, Ag73, H=2.5, G=8. 

Muoairite — Seleniuret of Silver and Copper, CuSe-|- 
AgSe— (Cu,Ag) Se31,58, Cu25.28, Ag43.I6. 

Stromeyerite — Argentiferous Sulphnret of Copper, Ci^ 
+ AgS=(Cu,Ag) S^S15.92, Ag52.71, Cn30.95, H=2.5 

— 3, G=6.2, 

AntimonicU Silver — Antimoniate of Silver, Ag'Sb= 
Sb23, Ag^77, also Ag^^Sbie, Ag83.4, 11=3.5-4, G 

— 9,44—9.80. 

Arsenic Silver — Consists of Arsenic, Iron, Antimony 
and Silver. 

Fl&aible SUver Ore — Fcrrosulphuret of Silver. 
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jStem5w?ife, AgS+.2Fe'S'=S34..21, Ag32.83, re32.96, 
H=l.— 1.5, G=4.215. 

Miargyrite, AgS-i-SbS'=S21.35, Sb42.79, Ag35.86. 

Pyargyrite — Dark red Silver Ore, Ruby Silver, Black 
Silver, 3AgS-i-SbS==SlT.66, Sb23.48, Ag58.fiS,H=2.- 
2.5, 6=5.7—5.9. 

ProMS(j;e— Light red Silver Ore, SAgS+AaS^^Slfl.ie, 
A815.16, Ag65.3a, H=2.— 2.5, G=5.422-B.560. 

Frieshbenite—Ant\raom9\. Sulphuret of Silver {PbS-|- 
SbS')+2, (3PbyAgS) + SbS'=Sl8.77, Sb27.72, Pb30, Ag 
22.18, H=2.— 2.5, G=6.— 6.4. 

Polyhasite, 9 (Ag.Cu) S + (Sb,AB) S'=Sl7.04, Sb5.09, 
Ab3.74, Aga4.29, Cu9.93, H=2.-3, G=6.214. 

Stephanite — Brittle Silver Ore, Brittle Silver Glance, 
Black Silver, 6AgS+SbS*=Sl5.6, Sbl4, Ag70.4, H=2. 
—2.5, G=6.209. 

Xanthokon (Yellow Powder) H=3, G=4.2— 4.3, 3 
(AgS+A8S')-|-2 (3AgS+AsS')=S21.36, A813.49, Ag 
64.18. 

Bismuth Silver — Bismuth Silver Ore, Composition 
variable ; 

( Bi27, Pb33, Agl5, Fe4.3, CuO.9, S16.3. 
^'1 60.1 10.1 7.8 A82.8 

Sbrn Silver — Muriate of Silver, Chloride of Silver, 
AgCl=Cl24.67, Ag75.3.3, H=l.-1.5, G=5.652. 

Iodic Silver — lodite. Composition variable. 

Jiromio Silv^ — Bromite, AgBi'=Br42, Ag58, H=l. 
-2 G=5.8— a. 
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Embolite, 2 AgEr + 3 AgCl.-=Ag (Cl,Bi-)=Ag66'.9B, Be 
19.84, CH3.20, H=2, G=5.79-5.81. 

-SWfiiile— Carbonate of Silver, A'gC=Ag034, COjia. 
Very soft. Sometimes called Blue' Silver. 

TREATMENT OP SILVER ORES. 

The treatment of Silver ores is effected by three di«- 
tioet systems, viz, ; Smelting, Solution and Amalgama- 
tion. Each of these systems is. severally aabdivided, and 
subject to abnost Indefinite modifications. 

BY SMELTmG. 
A radical feature in nearly every method of smelting 
silver ores is the employment of lead in one or more of 
its forms. If lead in some form does not occur in the 
ore to be operated on, it has to be added. In connection 
with the smelting of silver ores, among the more impor- 
tant properties to be observed of lead and its compounds 
are as follows, to wit : — 1st. The sulphide, oxide or sul- 
phate of silver fused with lead, the silver is reduced to 
the metallic state, and forms an alloy with the excess of 
lead. — 2d. The sulphate of silver fused with the oxide or 
sulphate of lead, argentiferous lead results. — 3d. Lead 
has much less affinity for the base metals than for silver. 
— ith. A fused alloy of lead and silver acted on by a 
blast of !ur, the lead becomes oxidized, while the silver 
remains unchanged. — 5th. In the furnace, the sulphide 
or sub-sulphide of lead and the sulphate of lead react 
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upon each other aad produce metallic lead, which takes 
up the silver, if any be present. — 6th. One part of sul- 
phide of lead, and three parts of sulphate of lead, react 
upon each other and produce litharge, — 7th. Sulphide of 
lead and metallic iron, copper, antimony or kuc in a state 
of fusion react upon each other, and produce on one 
hand metallic lead, and on the other the sulphide of iron, 
etc If the sulphide of lead at the same time contain the 
sulphide of silver, the same reaetions take place, and tho 
lead and silver enter into alloy, while the iron or other 
of the metals named is converted into a sulphide. Iron, 
it may be observed, is usually employed as a flux or 
reagent. It seems proper here to remark that the treat- 
ment of an ore containing silver and gold, inseparable in 
smelting, is not modified on account of the occurrence of 
the latter metal. 

IN EJIVEEBEEATOET PIFENACB. 

Corinthian Process. — 1st. The ore, for example, argen- ■ 
tiferous galena of pure quality, is roasted by a slowly 
increasing temperature until the sulphate thus produced 
is to the sulphide in the proportion of their equivalents, 
— 2d. The temperature being increased and the charge 
thoroughly stirred, the sulphide and sulphate of lead re- 
acting upon each other produce metallic lead and sulph- 
urous acid gas, of which the former flows from the fur- 
nace into vessels prepared for its reception, the latter 
escapes by the chimney. — 3d. In connection with the re- 
duction of the metal is formed a subsulphide of lead. 
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Tills and the aulpliate of lead in the proportion of their 
equivalents react upon each other and prodace a further 
amount of lead. — 4th. The roasting is continued until 
litiiarge is finally formed by the reactions of one part of 
sulphide and three parts of sulphate of lead. Charcoal 
is then added, which reduces the litharge and sulphate 
of lead in excess to the metallic state. — 5th. The alloy, if 
sufficiently rich in silver, is subjected to cupellation ; but 
if poor in silver, may well first be enriched by the Pat- 
tinson pfocess, 

IN CUPOLA FURNACE — CASK I. 

Silesian Process. — Ist. The raw ore, argentiferous gal- 
ena, and iron-flux prepared by being broken into small 
pieces and uniformly mixed, are so thrown with the fuel 
into the furnace that they shall occupy the back of the 
shaft while the fuel shall occupy the front. — 2d. Bufflcient 
blast being applied to induce a gradual fusion, and the 
reactions of the sulphur and iron together with oxygen 
taking place, the furnace hearth becomes filled with the 
rich, liberated lead, and floating slags. — 3d. As oocar 
sion requires, the lead ready for cupelling is drawn off 
through an apeiture in the bottom of the furnace, and 
the stags, through a more elevated opening. The richer 
portions of the elags, or properly matte, composed of 
the sulphide of iron and lead, with a little silver, are sub- 
jected to the further treatment of roasting and fusion. — 
4th. The. proportions of a charge are as follows : galena 
in small fragments, 100 parts, ; cast iron, 12 parts ; 
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slag from iron forge, 14 parts; fuel (mineral coal), 136 
parts. 

IN CUrOLA FUBNACB CASE H, 

Rammelaberg Process. — lat. Tlie ores, avgentiferoua 
galena, abounding in earthy and metallic impurities, are 
roasted either in Reverberatory Furnaces or in Heaps ia 
the open air, — In the Reverberatory Furnace : The roast- 
ing ia conducted in the ordinary manner to tlie desired 
extent of oxidation. The heat then being increased, the 
furnace closed and the charge fused, the silicates of lead, 
of lime, etc., are formed, which with the oxide, sulp!iate, 
and sulphide of lead are drawn ujion the floor of the 
furnace, cooled and broken to sizes best suited to treat- 
ment in a cupola fumaco, e.g., size of oranges. — In. 
Seaps: 1st. Ores abounding in the sulphides of iron, 
zinc and copper being intimately mixed with galena — 
arranged in order of the sizes of the blocks, the larg^t 
at the bottom, are piled several feet high upon a thick 
layer of wood, and covered with pulverized roasted ore 
which prevents the access of too much air. The sulph- 
ides constitute the greater portion of the fuel. From 
four to six months ai-e required for the first roasting of a 
heap containing one hundred and fifty tons of ore. The 
metallic products of the operation are subjected to a 
second and third roasting, or rather to a succession of 
roastings, until the sulphur and other volatile substances 
are well dissipated.— 2d. The charge consisting of. 
roasted ore, silicious slags, litharge and fragments of old ■ 
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cupels — all reduced to the size of hena' eggs and thor- 
oughly mixed, are introduced with the fuel into the t'lir- 
naoe. A strong blast applied, inducing fusion and the nec- 
essary chemioa! changes, the lead, matte and slags sink 
upon the hearth and are disposed of as in Case i. The 
proportions of a charge are t roasted ore, 140 parts; 
highly silicious slags, 10 parts ; litharge, 1 to 2 parte. 

IH CUPOLA FTJKNACE — CASE lU. 

Ist. — Argentiferous cMbonate of lead, white lead oi-e, 
is prepared for the furnace by being broken into small 
pieces — or occurring as powder — by being made with 
clay into orange-sized balls and dried. The charge con- 
sisting of the prepared ore, litharge, cupel bottoms, and 
other fluxes suited to the gangues, is thrown with the 
fuel into the furnace — the charge more oh the si<3o of 
the back wall, and the fuel on the side of the front. — 2d. 
As the blast is let on, and the ore-mixture fused, the car- 
bon of the fue! reduces the free oxides of lead ; also 
those in combination. The metallic lead and slags are 
drawn off at proper intervals. — 3d. The remunerative 
portion of the carefully-sorted slags are returned for 
fusion. The fumes collected in the condensing appar- 
atus, and sometimes amounting to nearly half the lead 
originally treated, are made into orange-sized balls, dried 
and fused again. The lead obtained is either first treated 
by the Pattinson process, or cupelled at once for its 
silver. 
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IN CDPOLA 

Mexican Process. — Ist. The ore, composed chiefty of 
the suiphide of silver, sulphide of ii'oii and quartz, free 
from tho compounds of lead, being intermixed with char- 
coal of half its weight, is roasted in walled inclosHres. 
opuii to tlie sky. Aii equal amount of dry wood is some- 
times used instead of charcoal, and the roasting effected 
ill cii'cut.ii' kilns measuring on tlie inside four and a half 
feet in diameter, aud the same in height, built of sim-dried 
briek, and capable of holding, besides the fuel, about a 
ton of oi'e each. — 2d, The roasted ore and fluxes being^ 
well mixed are introduced with charcoal into the furnace 
in the following proportions : roasted ore, 73 parts j 
native carbonate of soda, 16 parts; lead slags, 16 parta; 
cupel bottoms, 16 parts; matte of previous operations, 
25 parts ; litharge, 100 parts ; charcoal, 50 to 75 parts. 
As fusion takes place, the metal is drawn off from time 
to time and cast iiito ingots, ready for cupellation. The 
matte that is gathered is returned to the furnace as one 
of the fluxes for succeeding charges of ore, 

Pattinson Process. — Ist. This process is founded on 
these facts : If a molted alloy of silver and lead is stirred 
while cooling slowly, crystals of lead form and sink, 
which naay be removed with a drainer. A large portion 
of the lead may thus be separated fi-om the silver. — 2d. 
Cast-iron pans, capable of holding about five tons eaeh, 
provided with fire-places, are aiTanged in a series, as A, 
B, C, D, E, F, G, in a straight line.— 3d. The metal of 
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ores containing silver and lead as it comes from ordinary 
smeltiug works, ia melted, for instance, in pan D, and 
then allowed to cool very slowly. Tiie metal, while cool- 
ing, is stirred, especially near the edges of the pan, with 
an iron har. As soon as crystals form and sink to the 
bottom they are taken ont with an iron drainer raised to 
a temperature somewhat higher than that of the metal 
bath. From one-half to two-thirds of the charge is thus 
removed to pan E, and the balance taken to pan C. Other 
charges of D are similarly treated and disposed of. 
The charges of C and E are treated and disposed of in 
like manner, except that the crystals of E go to F, and 
the balance to D, and the crystals of C go to D, and the 
balance to B. Thus after successive meltings and drain- 
inga, the alloys rich in silver pass to A, while the lead, 
almost entii'ely deprived of silver, goes to G. The alloys 
obtained in pan A are then subjected to cupellation, — 
4tb, The lead of an alloy treated by this process often 
contains less than one dollar in sUver to the ton. The 
silver of the enriched alloy should not exceed six hun- 
dred dollars to the ton, 

Parke Process. — 1st, Lead containing silver is fused 
in large cast-iron pots. Melted zinc is added and welt 
stirred in the alloy. The fire being withdrawn from 
under the pot, the whole is left at rest for a short time. 
— 2d, The silver and zhic, separating from the lead, form 
an alloy which is skimmed from the surface of the metal- 
bath as long as it rises.— 3d. Tho scum alloy containing 
some lead is heated in a liquation retort. The silver and 
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lead fuse, and to a gi'eat extent, flow into prepared 
moulds. The alloy thua run off is then cupelled ; the al- 
loy of zinc and silver remaining in the retort are pai'tially 
separated by diBtillacion. The silver thus obtained is 
freed of its impurities by cupellation. — 4tli, The propor- 
tions are: charge of ai'geniilerous lead to the pot, from 
6 to 7 tons; charge of zinc to the ounce of silver, by 
estimation, 1.5 to 2 pounds ; quantity of silver to the 
ton of lead, 10 to 15 ounces; time of stirring alloy after 
the addition of zinc, 10 to 15 hours ; silver to ton of al- 
loy pr-epared for cupellation, 1,000 ounces. 

Xiiquation Process. — 1st. This process is founded on 
these facts: Lead and copper fused together form an 
alloy which, if rapidly cooled, maintains an intimate ad- 
mixture, but, if slowly cooled, separates. An alloy of 
lead and copper, slowly heated to near its point of fusion, 
also separates ; silvei', if contained in the alloy, goes with 
the lead. — 2d. Either an alloy of copper or silver, or 
matte (crude black copper, reduced, but not refined fi'om 
sulpimr and other impurities) containing silver, as it 
comes from the smelting furnace, is melted with lead of 
about four times its weight, in a cupola furnace, and 
cast into plain circular plates which are suddenly cooled. 
These plates, called " Liquation Cakes," are arranged on 
their edges with alternate layers of charcoal, in a liqua- 
tion fui-nace. The charcoal is then ignited, and a degree 
of heat produced somewhat below that of the fusing 
point of copper. The lead and silver melt and flow into 
a receiver, while the copper, in a porous state, retains the 
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forms of the original eakee. If the separation may have 
been impei'fect the cakes are further treated by being 
raised to a higher degree of heat in the sweating furnace. 
The silver is then separated from the lead by cupellation. 

BY SOLUTION. 
A^gvsU Process. — 1st. This process is founded on the 
sol bihty of chloride of silver in a hot concentrated so- 
I I n of common salt. — 2d. The ores are crushed dry by 
fita np** and pulverized in suitable mills. — 3d. The roast- 
ig n a reverb era tory furnace is commenced at a low 
temperature with a free access of air. By careful, uni- 
form roasting, at a dull red heat, the sulphates of the 
various metals are produced. The heat is then increased 
to cherry red, which decomposes the sulphates of iron 
and other base metals, but not the sulphate of silver. — 
4th. Common salt, previously melted, pulverized and 
mixed with cold ore, is added to the hot ore in the fur- 
nace and thoroughly mixed with it by stirring. The sul- 
phate of silver is thus converted to chloride of silven — 
5th. The apparatus for the humid operations consists of 
a large heating reservoir, a series of dissolving tubs, two 
large settling cisterns, four precipitating tubs to each 
one of the dissolving tubs, and two large receptacles, 
arranged in the order here given, on descending steps. 
The dissolving and precipitating tubs are nearly cylin- 
drical. They are provided with filters made of small 
sticks and -straw, covered with clotb. A vertical parti- 
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tion resting on the filter divides each tub into two un- 
equal compartments. — 6th. The chloridized ore being put 
into the larger compartments of the dissolving tubs, suf- 
ficient of the hot salt solution from the heating reservoir 
above, to completely immerae the ore, is let into the tubs ; 
they are then left at rest one hour. The discharge- 
cocks of the heating resei-voir and tubs then being 
opened, the hot salt solution is filtered through the con- 
tents of the tubs, and run off from the smaller compart- 
ments, at openings at firet above the level of the ore, 
afterwards at openings near the bottom of the tubs, into 
the settling cisterns, until a test with clean copper shows 
no trace of silver in the filtered solution. — Vth. Copper 
(copper cement) is put into each of the upper two pre- 
cipitating tubs in the several series of four, and iron 
(wrought scrap-iron) into each of the lower two. The 
chloride solution from the settling cisterns is then slowly 
filtered through the several series of precipitating tuba, 
and the filtered solution run into the large receptacles 
below. The silver is precipitated by the copper in the 
upper tubs, and the copper in solution, i£ contained by 
the ore at first, is precipitated by the iron in the lower 
tuba. The silver is taken twice a week from the pre- 
cipitating tabs and refined. The filtered solution in the 
i-eceptacles is pumped into the heating reservoir and 
used again. — 8th, The proportions usually observed, are : 
ore before roasting should contain of sulphur not less 
than 20 per cent.; charge of ore to the furnace, for roast- 
ing and calcining, 500 pounds ;. charge of melted salt, 35 



Hn^lcdbyGoOglc 



6ILTKB. 133 

pounds; roasted ore, cold, mixed with salt, 220 pounds ; 
time, roasting on upper sole of furnace, 4 to 4j hours ; 
calcining on lower sole of furnace, i to 4-J- houi-s ; time 
of ohloridizing, from 15 to 20 minutes; degrees of heat 
of salt solution, 131° Fahr. ; time of dissolving and precip- 
itating, 20 to 24 hours ; solution of salt, run through each 
tub to one thousand pounds of ore, 200 to 250 cubit ft, ; 
depth of copper in precipitating tabs, about 6 inches ; 
depth of iron in precipitating tubs (if the ore contains 
copper worth saving), 6 inches. 

Remaek, — Zinc, antimony and arsenic are detrimental 
to the Auguatin and Ziervogel processes. 

Ziervogel Process. — 1st, This process is founded on the 
solubility of sulphate of silver in hot water. — 2d. The 
ore, as in the Auguatin process, having been thoroughly 
pulverized, is carefully roasted and calcined till the sul- 
phates of iron and other base metals are completely 
decomposed, but none of the sulphate of silver, which is 
much more obstinate. When small quantities of the 
roasted ore thrown hot into water give only a very slight 
blue color, the calcination is regarded complete, — 3d. 
The aulphatized ore is treated in all respects the same 
as the chloridized ore in the Auguetin process, except 
that pure water is employed instead of solution of salt. 
The degree of heat of the water for dissolving should 
be 149° Fahr, 

Von Patera's Process. — Ist, In this process the ores 
are thoroughly pulverized and chloridized by roastiiig 
with common salt. — 2d, Hot water to dissolve the chlo- 
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rides of various base metals, is filtered through the chlo- 
ridized ores put in tuba similar to the dissolving tubs in 
the Augustin process. The ores are then cooled aud 
transferred to similar but smaller tubs. — 3d. Hyposul- 
phite o£ Boda, in cold solution, is then filtered through the 
ores and run into precipitating tubs until all the chloride 
of silver is completely dissolved. — 4th. Polysulphide of 
sodium, sufficient to produce a neutral liquor, is then 
added, which precipitates the silver as a sulphide in sacks 
fitted to the inside of the tubs. (Polysulphide of sodium 
is produced by fusing common soda ash with sulphur, and 
subsequently boiling the product, dissolved in water, with 
sulphur in a finely divided state.) This neutral liquor, 
the hyposulphite of soda, is preserved for lixiviating pur- 
poses. — 5th. The sulphide of silver thus obtained, after 
being washed in warm water, pressed and dried, is heated 
under muffles, with free access of air, till nearly all the 
sulphur is expelled. The metailio silver is then refined. 

Freiberg Process, by Sulphurio A.oid. — 1st. The matte, 
impure copper containing silver, as it comes from the 
furnace is finely pulverized, thoroughly roasted and chlo- 
ridized as in the Augustin process. — 2d. The chloridized 
matte, put into tubs, is subjected to the action of hot sul- 
phuric acid. The copper, with what iron may be present, 
is dissolved, while the silver is but slightly afiected. — 3d. 
The solution of the sulphate of copper is drawn off into 
vats and crystallized. — 4th. The undissolved remainder, 
containing the silver, is smelted with lead and cupelled. 

MamMelsburg Froces8,by Sulphuric Aci<i. — 1st. Gran- 
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ulated copper containing silver placed in tubs is sub- 
jected, in connection witb abundance of air, to tlie action 
of hot sulphuric acid trickled over it. — 2d. The copper, 
thus converted into the sulphate of copper, runs off in so- 
lution through a series of troughs, in which it is deposited 
in the form of roagh crystals. This liquor is returned, 
heated, and again trickled through the material under 
treatment, — 3d. The rough crystallized salt is washed, 
dissolved io the hot molten liquor of previous process, 
run into vata, and recrystaltized. — 4th. The residuum in 
the dissolving tubs is smelted with lead and cupelled for 
its silver. 

BY AMALGAMATION. 

Patio Process. — 1st. Patio signifies a yard. For amal- 
gamating purposes, the floor of the yard is made level, 
paved with brick or granite blocks, surrounded by high 
walls and usually left open to the sky. On this floor, 
circular batches of silver ore, reduced to an impalpable 
paste by stamps and arastras, or other machinery, are 
spread to the depth of seven to twelve inches, and in- 
closed by low close curbs. — 2d. Salt (chloride of sodi- 
um), varying in quantity according to its quality and the 
richness of the ore, is well mixed with the pulp by tread- 
ing it with horses, mules or oxen, and turning it with 
shovels. The effect of the salt is to desulphurize the 
sulphides and produce chloride of silver. The batch ia 
then left one entire day. — 3d. Magistral, that is roasted 
and pulverized copper pyrites, varying in quantity with 
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its quality, the richness of the ores and season, is well 
mixed with the pulp after it has heen subjected to the 
treading and turning operation one hour. The ultimate 
effect of the magistral is to revive the silver by depriv- 
ing it of chlorine. — 4th. Quicksilver is added, usually 
in three charges to the mass, by being sprinkled in mi- 
nute particles through cloth or other porous substance. 
After the addition of the first charge of quicksilver, the 
batch is thoroughly mixed, thrown into heaps of about 
one ton each, smoothed, and left at rest one whole day. 
The treading, turning and heaping operation is pei-foi-med 
every other day, occupying five or six hours, and is found 
much more effective in a morning than an evening. The 
second charge of quicksilver is added aud similarly 
treated, when it is ascertained by washing a small quan- 
tity of the mixture that the first has been well incorpo- 
rated. After the second charge has performed its work, 
the third charge is added to take up any stray particles 
of silver, and to fit the amalgam better for separation. — 
5th. Lime is added to cool, and magisti-al to heat the 
mass, according as it may be too hot or too cold. Too 
much heat is indicated by the quicksilver becoming 
extremely divided and of a dark color, with occassional 
brovm spots upon its surface; too little heat is indica- 
ted by the quicksilver retaining its natural color and 
fluidity. A proper degree of heat is indicated by the 
amalgam being of a gi'ayish white color, and yielding 
readily to a slight pressure. — 6th. The proportions to 
the ton of ore valued at fifty dollars are: salt, of good 
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quality, 80 pounds ; magistral (containing ten per cent, 
of the sulphate of copper), in summer, 20 pounds— in 
winter, 10 pounds; quicksilver (first charge) 14 pounds, 
(second charge) 6 pounds, (third charge) 'J pounds ; 
lime, more or less (see Sec. 5), 15 pounds. An excess of 
magisti'al, quicksilver, or lime k injurious; an excess 
of salt causes a loss of quicksilver, but is not otherwise 
detrimental The time employed in treating a batch of 
ore varies from twelve to sixty days. Light and good 
■weather greatly facilitates operations. — 7th. The separa- 
tion is accomplished by washing the pnlp or mixture 
with abundance of water in a large deep circular vessel, 
similar in principle to the common settler or separator, 
and causing the lighter portions of the mass to flow 
slowly off until the amalgam is gathered by itself, when 
it is taken to the refining works. 

Freiberg Procesa.—A.it. This process takes its name 
from Freiberg, a place in Germany where it was first 
practiced. The ores, if possible, are assorted so as to 
contain not less than twenty-five per cent, of sulphides. 
When they contain less, the sulphate of iron is added to 
make up the deficiency ; when more, a sufficient quantity 
of the richest in sulphides is roasted without sea-salt to 
make good the ratio. The ores are crushed dry. — 2d. 
Salt (chloride of sodium) and crushed ores are thor- 
oughly mixed together, roasted in a reverberatory fur- 
nace, and reduced to an impalpable powder in a suitable 
mill. The heat and salt acting upon the sulphide of 
silver produce the chloride of silver. — 3d. Wrought iron 
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in small pieces with a pasty mixture of the chloridized 
ores and water, are put into barrels having horizontal 
axes, familiarly known as Grerman barrels. These, each 
making twenty revolutions a minute, are run two hours. 
The effect of the iron is to revive the silver to the metal- 
lic state. — ith. Quicksilver ia then poured into the bar- 
rels, after which they are run sixteen hours continuously, 
except the time taken to regulate the consistency of the 
pulp by the addition of ore or water. At the end of the 
time ran, the casks are filled with water and revolved 
quite slowly for one or two hours, when the mass is dis- 
charged into large vats, and the amalgam separated fey 
washing. — 5th. The proportions to the ton of ore valued 
at seventy-five dollars per ton, are : salt, added before 
roasting, 200 pounds; wrought iron to the ton of roasted 
ore, 200 pounds ; quicksilver to the ton of roasted ore, 
1,000 pounds. 

Ayer's Process. — The ore as it comes in blocks tcom. 
the mines is heated in a furnace and thrown into brine 
or alkali water, by which operation it is broken into 
email fragments. It is then subjected to a further i-fr- 
duction and to the process of amalgamation. 

Sent^s Process. — " Kent's Patent Improved Fi'eibei-g 
Process, for treating gold and silver ores, consists in the 
preparation of crushed or pulverized ores, and tailings, 
by caking them with a solution of the chloride of sodium, 
or salt and water, introduced in any manner so as to 
admit of forming the crashed ore into cakes, lumps or 
bricks." Only three per cent, of salt is used. The 
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bricks are calcined in a kiln, and it is estimated that three 
cords of wood and twelve hours' time will calcine 10,000 
bricks, or 30 tons of ore. The amalgamation is effected 
in ban'ela — differing in some Of their features from those 
of usual construction. 

Veach Process. — The only essential difference between 
this and the Freiberg process consists in the employ- 
ment of tubs instead of barrels, and the use of steam 
directly in the pulp. Vertical plates of iron or copper, 
for reviving the silver from the condition of a chloride, 
are fastened to the "muller aims," so as to i-evoJve 
edgewise through the p«Ip or mass. The operations are 
greatly hastened by the application of steam, so that not 
more than five or six hours are required for the treat- 
meat of a cliarge of ore. 



EXTRACTION OF SILVER FROM COARSE 
COPPER. 

1st. Coarse copper containing silver, as it comes from 
the furnace, is raised first to a bright red heat, then pul- 
verized and roasted with salt, by which operation the 
silver present is converted into the chloride of silver. — 
2d. The roasted mass is then treated in barrels with 
quicksilver, which decomposes the chloride and amalgam 
mates with the revived silver in connection with a httle 
copper and iron. — 3d. The amalgam is retorted and 
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EXTRACTION OF SILVER FROM COPPER 
MA'ITE. 

3 St. The copper matte, composed of the sulphides of 
silver, copper, iron and other base metals as it uomea 
fi'om the furnace, ia pulverized androaated with salt and 
lime. The former, by the action of its chlorine, converts 
the various metals into chlorides, which, with the excep- 
tion of the chloride of silver, the latter decomposes. — 2d, 
The roasted matte is then treated in barrels with quick- 
silver which decomposes tlie chloride of silver and amal- 
gamates with the metal. — 3d. The amalgam is then 
pressed, retorted and refined. 

In Coxier Kettles.— \%%. This process, known as the 
" Hot Process," is chiefly employed in South America, 
and there only on the better class of ores — especially 
those rich in native silver, or in the chloride, iodide or 
bromide of silver. These being finely pulverized and 
concentrated by wasliing are introduced with consid- 
erable water into copper-bottomed kettles and boiled, — 
2d. Salt amounting by weight to ten or fifteen per cent, 
of that of the entire mass is dissolved in the boiling pulp 
while it is being stirred. — 3d, Mercury of less weight 
ttian that of the silver present is added to the charge, 
and the stirring continued. More quicksilver ia intro- 
duced whenever a test indicates the least dryness of am- 
algam.— -4th, The amalgam and gangues are separated 
by washing ; the former is "squeezed," retorted and re- 
fined, the latter often treated by the Patio process. 
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J^an Process. — Ist. The ores of silver as they come 
from the nijnea are prepared for the pan usually by 
being crushed wet to a granular state by stampa and run 
into a series of large settling tanks. Howeve)', to crush 
Viet and very Jine at the same time is objectional, as 
much silver thereby 'is carried off in the water. The 
ores are commonly reduced so as to pass through No. 4 
or No. 5 Screens. They are sometimes crushed dry, and 
sometimes roasted before going to the pan. Those es- 
pecially containing much antimony should be roasted.—^ 
2d. Charges of the reduced ores — raw for example— with 
gufflcient water to form a soft, pasty mass, are put into 
the pans and ground to the slime condition. This oivji- 
narily requires, in the Excelsior Grinder and Amalgam- 
ator about three hours. Water is added occasionally 
during the grinding pi-oceas to preserve the proper con- 
sistence of the pulp, which, if too thick, causes a waste 
of power, and if too thin does not intimately mix with 
the quicksiivef. — 3d. Quicksilver ia put into the machine 
and thoroughly incorporated with the mass ; which con- 
dition is indicated by small globules of mercury appearing 
on the surface of the pulp while it ia in motion, and by 
their slowly disappearing on its Coming to rest. Mill- 
men differ as to the proper time for its introduction; 
some maintaining that it should be simultaneous with 
the charging of the machine with ore, Others that it 
should be later — that the grinding should first be accom- 
plished, then the mullef raiaed, the motion decreased, 
and the quicksilver mixed with the mass. — 4th. Chem- 
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icals, differing in kind and proportions, to an indefinite 
extent have been employed. As to their practical value, 
it is sufficient to observe that, in, treating the same 
amount of ore, scarcely a pound ie now used, while tons 
formerly were. This observation applies to the treat- 
ment of raw ores containing the salphido of silver. Prior 
to drawing off the pulp, the pan may be nearly filled by 
letting in water while the muUer is running. This will 
aid in depositing the amalgam and quicksilver, also in 
drawing off the charge. The pan should be well washed 
put before being recharged. When it is desired to 
"clean up" the Excelsior Pan, the key in the mtiUer- 
screw must be removed, and. the muUerrun up out of the 
way of the operator. As the sides of the stationary 
plates slant outwaiiJ, it requires but very little labor to 
wash down the material oovenug them to the circum- 
ference of the machine, whence it may readily be drawn 
off. — 5th. Heat nearly to the degi-ee of boiling water is 
universally approved of by the amalgamators of silver 
in pans. — 6tb. The proportions usually observed in op- 
erating the " Excelsior Grinder and Amalgamator " with 
muUer four feet diameter, are; ore to the charge, 1,500 
pounds; number charges worked in 24 hours, 1 ; revo- 
lutions of mttUer per minute, 60 to 63 ; quicksilver to 
charge ore valued at fifty dollars a ton, 200 pounds ; heat 
(produced by steam), 200" Fahr. — 7th. The charge is next 
drawn off into the separator, where it is slowly and care- 
fully washed in abundance of clean water. For the first 
fifteen or twenty minutes after the separator has been 
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charged with the alime-palp, but little more water than 
was drawn from the Grinder and Amalgamator or Fan 
should be employed in it, at the expiration of which 
time the machine may be nearly filled with water and 
kept running for a half hour or more; then the stoppers 
should be drawn from the aide, one after the other, com- 
mencing at tbe uppermost, and the pulp run off slowly. 
In the meantime a clean atream of water should be let 
continuously into the machine. The Conoidal Separator 
being employed, the amalgam is deposited with the quick- 
silver in the bowl and spiral groove at the circumfere 
Tlie most of the quicksilver is drawn off through an 
erture in the bottom of the bowl. The amalgar 
washed, squeezed and retorted. — Plum.biferoii8 silver 
algam squeezed at a temperature of 144°-180'' Fahr., the 
lead goes with the mercury; squeezed at a lower tem- 
pei-ature, the lead remains in the bag. The pulp if 
off fi-om the separator into agitators and various contri- 
vances employed to gather the stray particles of mercury, 
amalgam, and in some cases to concentrate the richer and 
heavier portions of the tailings. 



Recipes. — ^The following recipes taken from Guido 
Htlatel's "Processes of Silver and Gold Eelraction," 
are a few of the many employed in Nevada, to the ton 
of ore: 

a Chloride of copper 13 pounds 

Common salt, 60 " 

h Chloride of iron 13 " 
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a Sulphate of irop l pownd 

Sulphate of (jopper 8 pounds 

CotnmoD salt. 80 " 

d Snlphuric acid 3 " 

Sulphate of copper. 2 " 

Salt 15 " 

e Sulphuric acid 2 " 

Alum 2 " 

Sulphate of copper, 1^ " 

/ Sulphate of copper 18 ounces 

Sulphate pf iron 16 " 

Sal ammoBiac. 8 " 

ComDioii salt 2 pounds 

g Alum 14 " 

Sulphate of copper l^ " 

Salt 40 " 

A JIuriatic acid 30 ounces 

Peroxide of manganese 8 " 

Blue vitriol 10 " 

Green vitriol 10 " 

• Common salt 15 pounds 

Nitric acid 1 to 2 " 

Sulphate of iron 1 to 2 " 

k Common salt 23 " 

Blue vitriol 2 " 

Catechu 2 " 

Nb(e.—a, 6, c, are calculated for ore containing from 
two hundred and fifty to five hundred ounces of silver in 
sulphuretB. AH chemicals, except salt, are used in sola- 
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tion. The salt is charged half an hour before the chem- 
icals are put in. 



SODIUM AMALGAM. 

Sodium and mercury at a slightly elevated tempera- 
ture combine energetically with each other, forming aodi- 
um amalgam, which has a strong affinity for gold and 
silver, and several other substances. The application of 
this principle of attraction to the practical amalgamation 
of gold and silver was first made by Prof. Henry Wertz 
of New York. Experience goes far to show that sodium 
amalgam, for the extraction of gold ^.nd silver from their 
gangues,.in a variety of cases may by skillful hands be 
employed to advantage. A very free use, however, will 
often be found injurious on account of its affinity for 
many other substances than gold and silver. Its use is 
recommended in the treatment of gold-bearing quartz in 
batteries, pans, barrels or arastras, in extracting gold or 
silver from sweepings, and in amalgamating silver ores 
in which the silver has been reduced to the metallic 
state.: also in .oases of "flouring" and "sickening "of 
the ^quicksilver, and in "cleaning up," especially when 
a portion of the mercury and amalgam is in a finely 
divided state, or scum form. The ratio, observed ia:.one 
part of sodium to two thousand pr twenty-five hundred 
parts of quicksilver by weight. 
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PURIFICATION OF MERCITRT. 

' Mercury, for the purposes of amalgamation, should be 
pure ; most foreign substances, as lead, zinc, or bismuth, 
diminish its pi-operties of combining with gold and silver. 
To free from these and other impurities : 

1st. Distil the impure mercury. A retort for this pro- 
cess may readily be made of a common quicksilver flask 
and iron pipe of syphen fonn. The short leg of the pipo, 
a few inches long, is attached to tbe flask in the place of 
the removed stopper. The long leg, three or four feet in 
length, inclines downward from the bend. The retort 
should not be over two-thirds filled with mercury. The 
heat ought first to bo applied to the short leg of the pipe 
and upper part of the retort, then to all parts of the flask 
alike. The long leg of the pipe must be kept cold. This 
may be effected by wrapping it with cloths and pouring 
on cold water. The discharge end may also be immersed 
in cold water, kept in the receiver. The heat should be 
unifoi-m, and the distillation slow. The common covered 
retort is preferable to the one described, 

3d. Heat, and frequently agitate the distilled mercury 
in thin sheets with one part nitrjc acid and two parts of 
pure water. The heat should be kept at 120° Fahr. for 
several hours. Repeat these operations until satisfac- 
tory results are obtained ; then pour off the mercury for 
use, 

3d. Digest the crystallized nitrate of merouiy in nitric 
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acid; then dilute the solution, filter, precipitate the mer- 
cury by metallic copper, and add it to the mercxiry 
already obtained ; or the nitrate of mercury may be con- 
verted to a liquid simply by heat, and the metal then 
precipitated by copper plate. 



QUICKSILVERING OP COPPER-PLATE. 

First, thoroughly cleanse the surface of the plate, and 
rub it over with quicksilver or with the nitrate o£ mer- 
cuiy. The Burface is sometimes cleansed by simply 
scouring it with wood-ashes, brsck-dusE, or fine sand ; 
and sometimes by washing it with dilute acid or strong 
alkali. When acid is employed, its corrosive properties 
should be neutralized before the application of the quick- 
silver, Nitrate of mercury, when crystallized, is readily 
converted to a liquid by heat, in which state it may be 
applied as a wash to the plate. Sodium amalgam may 
also be used to good effect in coating copper plate with 
quicksilver ; in which case not as much care need be had 
ill cleansing the surface of the plate as by the other meth- 
ods, before its application. 



CUPELLATION OF GOLD AND SILVER. 

lat. The cupellation of gold and silver depends upon 
their permanence and tlie oxidability of lead with which 
in a state of fusion they readily enter into combination. 
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The mode of onpelling gold and silver in tieir several 
relations is the same. 

2d. The alloy, consisting of lead and gold or silver, or 
lead, gold and silver, is melted in a cbcular reverberatory 
furnace, provided with openings through its sidea for 
the admission of metal, heat, currents of air, and for the 
escape of vapors or litharge. The escape is opposite the 
blast opening. The roof, or top of the furnace, is of dome 
form, and movable. At each cnpellation, the hearth, 
usually of concave form, is broken up and replaced by 
one made of clay, sand, and carbonate of lime. 

Sd, Blasts, or currents of air, are blown continually 
dui-ing the operation upon the surface of the fused alloy, 
promoting oxidation of the lead and causing the litharge 
or oxide of lead to pass out through the escape opening. 
The gate-way of this opening is kept level with the sur- 
face of the metal within. The metal thus separated from 
the lead remains on the heai-th of the furnace, either as 
an alloy of gold and silver, or as one of them in nearly % 
pure state. It is deprived of what load it may contain 
by the humid way of assay. If the metal obtained be an 
alloy of gold and silver, it is subjected to the process of 
inquartation, to which reference is here made. 



REFINING OP GOLD AND SILVER. 



The refining of gold and silver is the process by which 
these metals individually are brought to a state of purity. 
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It properly embraces Quartation, Granulation, Parting, 
and Reduction. 

1st, Quartation is the alloying of one part of gold with 
three parts of silver, preparatory for humid operations. 

2d. Granulation- \9, effected by pouring the prepared 
melted alloy through a fine iron sieve into water, or 
directly upon a bundle of twigs imraereed in water. 

3d. Parting takes place by subjecting in a proper 
vessel, as glass, the granulated alloy to the action of 
boilijig nitric acid, by wliich the silver with the base 
metals, if any are present, is dissolved out of the alloy, 
leaving the gold pure, and in the form of the original 
gi'annies. In this operation 100 parte of silver require 
149 parts of nitric acid of specific gravity 1,33 for oxida- 
tion and solution. Boiling concentrated sulphuric acid 
is sometimes employed instead of nitric acid. 

4tb. Beduotion. — Tlie granular gold is taken from the 
dissolving vessel, digested in boiling nitric acid, washed, 
dried, melted with a little nitre and cast into ingots. 
The silver of the nitric solution is precipitated by the 
introduction of copper plates. The precipitate is washed 
in water, pressed, melted with nitre, and borax, and c^t 
into ingots. The silver in solution is sometimes con- 
verted into the chloride of silver by a solution of salt 
(chloride of sodium), and then reduced with carbonate of 
soda or other proper flux. 
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THIN CYLINDERS. 

To determine the thickness of thin hollow cylind'era— ^ 
the internal radius, pressure and tenacity of the material 
being given : 

Hule. — Multiply the internal radius in inches by the 
fluid pressure in pounds per square inch, and divide the 
product by the tenacity per square inch of the material. 

Me. — The internal radius of a cylinder being thirty 
inches, the fluid pressure two hundred and fifty pounds 
to the square inch, and the tenacity of the material of 
the cylinder twelve thousand pounds per square inch, 
what is the thickness of the cylinder ? 

Col. 250x30=7500; 7500 -M2000 := J inch thick. 
Ans. 

To determine the fluid pressure — the internal radius, 
thickness of cylinder, and tenacity of material being 
given : 

Jtvle. — Divide the product of the thickness of the cyl- 
inder and tenacity of the material per square inch by the 
internal radius. 

£!c.— The thickness of the cylinder being one-fourth of 
an inch, the tenacity eighteen thousand pounds, and the 
radius six inches, what fluid pressure will the cylinder 
stand per square inch ? 

CaL 18000 X Jv 6=750 pounds. Ans, 
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THICK HOLLOW CYLINDERS. 

To determine the thickness of thick hollow cylindera 
— the internal radiits, the fluid pressure, and the tenacity 
of the material of the cylinder being given : 

^ule. — Subtract one (l) from the square root of the 
quotient of the sum and difference of the tenacity per 
square inch of the material of the cylinder and the fluid 
pressure per square inch, and multiply this difference by 
the internal radius. 

■ Me. — The internal radius of a thick hollow cylinder 
being nine inches, the tenacity of the material of the cyl- 
inder ten thousand pounds, and the Said pressure eight 
thousand pounds per square inch ; what is the requisite 
thickness of the cylinder? 

Cai.— Sum of tenacity and fluid pressure, 10000 + 
8000=18000; difference of tenacity and fluid pressure, 
10000—8000 = 2000; quotient of sum and difference, 
18000 + 2000—9000; square root of quotient, ^0 = 3; 
difference between root and one (1), 3—1=2; product 
of radius and difference, 9 x 2=18 ins, Ans. 

To determine the fluid pressure per square inch which 
'a thick hollow cylinder will withstand — the internal and 
external radii and the tenacity of the material of the 
cylinder being given : 

Jiule. — Divide the difference of the squares of the radii, 
and multiply the quotient by the tenacity per square 
inch of tha material of the cylinder. 
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Mc. — The internal and externa! radii of a thick hollow 
cylinder being i-espeetively nine inches and twenty-seven 
inches, and the tenacity per square inch of the material 
of the cylinder ten thousand pounds, what fluid pressure 
per square inch will it withstand 1 

Cal. — Square o£ external radius, 37 X 27=?29 ; square 
of internal radius, 9x9—81; difference of squares, 729— 
81 = 648; sum of squares, 129 + 81=810; and 10000 x 
648-^810=8000 pounds. Ans. 



RELATIVE GRINDma CAPACITY OF DIFFER- 
ENTLY FORMED GRINDING PLATES. 

' Hule 1. — To determine the relative grinding capacity 
of tractory-iormed plates or muUei's : Multiply the differ- 
ence of the squares of the greater radius of tlie mwller, 
and the radius of the opening in the same, by twice the 
greater radius. 

Ex. — A tractory-muiler having its greater radius one 
(l) and the radius of its opening oue-third (J^) what is its 
relative grinding capacity ? 

Cal. 1-J-=|; |-X2=V-=I-'?'?S. Ans. 

Rule 2. — To determine the relative grinding capacity 
of flat-bottoraed or plane muUers: Multiply the differ- 
ence of the squares of the greater radius of the muller, 
and the radius of the opening in the same, by the sum of 
the greater radius and the radius of the opening. 

Me. — A plaue-muUer having its greater radius one 
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and the radius of its opeaing one-third, what is its rela- 
tive grinding capacity ? 

Cal. l-i=t; l+i=|; fx. 1=11=1.1352. Ana. 

Hide 3. — To determine the relative grinding capacity 
of conical plates or mullers — when the height of the cone 
is equal to one-half the greater radius: Find the grind- 
ing effect, as in Rule IL and maltiply the result by 1.118. 
1,1-852 X 1.118=1.3251. Ans. 



FRICTION'. 

1st For a cylindrical journal, the leverage of the fric- 
tion is simply the radius of the journal.— 2d. For a flat 
pivot, the leverage is one-half the radius of the pivot. — 3d. 
For a conical pivot the leverage is equal to the quotient 
arising by dividing one-half the radius of the base of the 
cone by the sine of the angle included between the axis 
and aide of the cone. — 4th. For Schide's " anti-friction " 
pivot the leverage is the entire radius of tlie pivot. — 5tb. 
For a collar, the leverage of friction is equal to one-half 
the sam of its eztetiial and internal radii. 



WATER PIPES. 

To determine the velocity of water per second, flowing 
through long pipes — the head or height of reservoir 
above the point of delivery, the length and diameter of 
the pipe being given : 

£uk. — Multiply the product of the head and diameter 
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of the pipe in feet by twenty-tliree liundred : divide tbia 
product by the sum of once the length and fifty-two 
times the diameter of the pipe, and extract the square 
root of the quotient. 

Mc. — The head is six hundred feet, the diameter of tiie 
pipe nine inches, the length of pipe six thousand feet — 
What ia tlie velocity of the water per minute? 

Cat, — Diameter of pipe— 9 inches=.75 feet; pi-oduct 
of head, diameter, etc., 600x2300 >!;.75=1035000; sum 
of length and product, 6000 + (53 X .75) =6039 ; quotient, 
1035000-1-6039=171.386; square root, 4/171.386=13.09 
feet velocity per second; velocity per minute, 13.09 x 
60=765.4 feet. Ans. 

To determine the head, the velocity, length and diam- 
eter of pipe being given — {by Tables V. and VI.) : 

Jlule. — Multiply the length of the pipe in feet by the 
constant (C) opposite the given velocity in Table, and 
divide the product by twelve hundred (1,200) times the 
sum of tlie diameter of the pipe in inches and the con- 
stant (C) opposite the given diameter of pipe in Table. 

.Ee, — It is required to determine what head of water 
is necessary to force water through 1,300 feet of six-inch 
pipe at a velocity of 180 feet a minute. 

Cal. — By Table V., constant opposite velocity 180= 
62.13; byTableVI., constant opposite diameter 6 =.078; 
then 62.13 X1500-M200 (6.078)=12.77 feet. Ans. 

To determine the velocity — the head, length and diam- 
eter of pipe being given — (by Tables V. and VI.) : 

Eute. — Multiply twelve hundred (l ,200) times the head 
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by the sum of tlie diameter of the pipe and its constant 
found in Table VI., and divide the product foy the length 
of the pipe. The quotient will be the constant ; oppo- 
site which find the velocity, in Table V. 

M:. — The head being 12.77 feet, the diameter 6 inches, 
and length of pipe 1,B00 feet, what is the velocity ? 

Col. 1200x12.77x6.078-1500=62.13 constant, op- 
posite constant 62.13 find velocity 180 feet, Ans. 

The relative quantities of water, which will in the 
same time Sow equal distances through straight, curved 
and right-angled pipes, are respectively 140, 100 and 90. 



VELOCITY OF STREAMS. 

In a stream the velocity is greatest at the surface and 
in the middle of the current. To find tlie velocity of a 
river or brook : 

Rule, — Take the number of inches that a floating body 
passes over iu one second in the middle of the cuirent, 
and extract its square root ; double this root, subtract it 
from the velocity at top and add one (1) ; the result will 
be the velocity of the stream at the bottom ; and the 
mean velocity of the stream is equal the velocity at 
the surface, lesa the square root of the velocity at the 
surface increased by five-tenths of one (.5). 

Ex. — If the velocity at the surface and in the middle 
of a stream be thirty-six inches a second, what is its 
veiocity at the bottom, and what its mean velocity. 
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.Cal. 4/36~x2,=12; tbeP 36+l'-13.=25 jnohes per 
second velocity at bottom, Ans. Th?n 36.+,S-T-.6r=,30,5 
inches per second mean velocity. AnB. 



WATER POWER 

The theoretical velocity with which a liqatd issues 
from an orifice in the bottom or side of a yeasel that is 
kept full, ,is equal to that which a heavy laody would 
acquire by falling from the level of the surface to the 
level of the orifice ; this is nearly eight times the square 
root of the head or distance fallen in feet. The practical 
velocity estimated for the entire opening is considerably 
less than the theoretical velocity, owing to oblique cur- 
rents and to friction. The oblique cun-ents produce a 
contraction in the vein or stream. The minimum trans- 
verse section of the contracted vein is the plane at which 
the velocity is nearly equal to the theoretical velocity. 
The quantity of water which will be dischai^ed in a cer- 
t^n time depends upon the form of the opening as well 
as upon the head. Thus by means of a conical tube of 
the form of the contracted vein, the velocity at the open- 
ing or smaller end of the tube is nearly equal to the the- 
oretical velocity. The actual velocity estimated for the 
entire opening when constructed as ordinarily and not 
large, is five and four-tenths the square root of the head 
in feet. 

To determiae the velocity with which water will flow 
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under different heads, and under different conditions, see 
Tables. 

Ex.. 1. — Let it be required to determine the velocity 
witli wliicli water will flow under a head of six inches 
through an aperture of ordinary construction. 

Gal. — By Table IV. in the column called " Square root 
of head," and opposite the " Head sis inches " we find, 
.70711. Multiplythisnuniberby3,thns: .70111x8=5.68 
feet per second; this is the theoretical velocity. Mul- 
tiply the same number by 5.4; .70711 x 5,4=3.82 feet per 
second; this is the experimental velocity, 

Ma. % — Let it be required to determine the number of 
pounds of water which will flow in one minute under a 
six-inch head through an aperture two inches by one 
hundred and flfty inches. 

Ca^.-r-The velocity per second, as found above is 3.82 
feet. The veloeity per minute then will be 3,82x60= 
229.10; the area of the opening is 150x2—300 square 
inches. This expressed in square feet, is 300-1-144=2,08, 
Multiplying the length of the stream of water, or in other 
words the distance which the water flows in one minute, 
by the area of the opening, and we obtain the cubic feet 
of the quantity of water which will flow out in one 
minute, thus: 229.10x2.08=477.3 cubic feet. By Table 
XIIL we find that a cubic foot of water weighs 62.38 
pounds ; hence 477,3 x 62.38=29773,54 pounds. 

Were it now required to find the power which this 
water would exert on a wator-wheel, we should simply 
have to multiply the number of pounds of water thus 
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found by the fall ia feet ; this would give us the theo- 
retical power in the water. To determine the practical 
power, we should have to multiply the theoretical power 
by the efficiency of the water-wheel ; and if we desired 
to express the power in units of horse-power, we should 
have to divide the pound power thus found by 33,000, 
As a practical illustration, take the common centre dis- 
charge-wheel, and let the fall be forty feet. T!ie efficiency 
of this wheel under the moat favorable circumstances 
does not exceed .60. Taking the highest efficiency, and 
■we have (see Table I.) 29773.54 x 40 X .60 -1-33000=21.35 
horse-power. 

To determine how much more water will flow undei 
one head than under another : 

^We.— -Divide the square root of the greater head in 
feet by the square root of the less. 

Me. — ^How much more water will flow under a three- 
foot head than under a six-inch head? 

(7ai— By Table IV. we find the square root of the three- 
foot head to be 1.73303, and the square root of the six- 
inch head to be ,70711. Then 1,73205^.70711=2.45 
times as much. Ans. 

WATER-WHEELS. 

Water, as a power or force, is exerted on water-wheels 
by its weight and by its impulse. Weight and impulse 
are combined on the overshot and breast- wheels. The 
theoretical work accomplished by weight is the product 
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of its force and the vertical distance through which it is 
exerted. The theoretical work accomplisliod by impulse 
is the product of the force produced by the weight of the 
flow of water and the vertical height or head necessary to 
produce the velocity with which the weight moves. 

The available work depends not only upon the mag- 
nitude of the force exerted, but upon the direction of 
that force in reference to the direction given to the 
resistance ; also upon the form of .the floats or buckets 
of the wheel, friction, losses by leakage, eto. 

The velocity, per second, of the overehot wheel at its 
circumference should be about six feet ; which is due a 
head of two feet three inches. Thevertieal distance from 
the centre of the opening in the gate to the surface of 
the water in the flume or reservoir is termed the " bead," 
and the vertical distance from the centre of the opening 
in the gate to the lower edge of the wheel, the " fall." 

To find the horse-power of various water-wheels : 

Mule. — Multiply the product of the coefficient (see 
Table VII.) opposite the given head, the area of the open- 
ing in the gate in square inches, the entire head in feet 
(in Case of the overshot or breast, the head by 40, and 
the fall by IB) by the efficiency of the class of wheel, 
pointing off six figures as decimals. 

Me. 1,— The dimensions of a stream are two inches by 
two hundred inches, the head two feet three inches, and 
the fall ten feet; what is its horse-power applied to a 
breast wheel ? 

Cal. 2 x300=i00 square inches gate opening; coef- 
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ficient, by Table VII. opposite 2 feet 3 inche8=64; effi- 
ciency, by Table IL arising from impulse— 40 ; efficienuy 
by Table II. arising from weight='?8 ; head 2 feet 3 iiiciiea 
—2,25; product of effideney and head, 2,25 xiO^SO; 
product of efficiency and fall, 10 x 78=780 ; eUm of prod- 
ucts, 780+90=870; then 870x400x64=22.27 horse- 
power. Ana. 

JEe. 2 — The dimensions of the stream are ten inches 
square, the head twenty-five feet ; what is its boi^ae- 
power applied to a good turbine ? 

Gal. — Square inches In opening, 10x10=100; coeffi- 
cient by Table VIL for 25 feet=2I3 ; efficiency by Table 
n. of turbine, 68 ; then 100x213x68x25—36.21 horse- 
power, Ans. 

STEAM POWER. 

Steam, as a force, acts by elastic pressure. The law 
that, in compressing a perfect gas the volumes occu- 
pied by a given quantity are usually proportioned to 
the pressures, does not hold good in relation to saturated 
steam. 

By Table VIII. it will be seen that the volume of steam 
under a pressure of thirty pounds to the square inch pro- 
duced from a cubic inch of iee-cold water ia eight hun- 
dred and thirty-eight cubic-inches, while under a press- 
ure of ninety pounds to the square inch the volume is 
two hundred and ninety-eight cubic inches. Thus the 
ratio of the two pressures ia as 30 to 90 or as 1 to 3, 
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while the inverse ratio of the respective volumes of steam 
is as 1 to 2.81. The mechanical effect deduced from the 
above data is ^ follows: 838 x 3O-M2=2095, and 298 x 
90-f-12 = 2335; 2235—2095 = 140, difference of mechan- 
ical effects, and 140-^2095=. 0668; showing an advan- 
tage, all other things being equal, of nearly seven per 
cent, in favor of using steam at the higher pressure. 

By Table IX. for estimating the mean pressure of 
steam for a given cut-off of stroke, the coefficient for one- 
fourth cut-off is 5T2 in the unjacketed cylinder, and 582 in 
the jacketed cylinder. The calculation on this data shows 
an advantage of one and three -fouvths of one per cent, 
in favor of the jacketed cylinder for the given cut-off of 
stroke. 

The back pressure of steam in the cylinder of an en- 
gine of ordinary structure is found by experience to be 
about four pounds to the square inch above the atmos- 
pheric pressure ; the velocity of piston being three hun- 
dred feet per minute. But in the best engines of modern 
construction, the back pressure is frequently below one 
pound, with even higher speeds of piston. It is also found 
that the excess of the back pressure above the atmos- 
pheric pressure varies nearly as the velocity of the piston. 

To find the mean pressure of steam for a given cut-off 
of stroke : 

Jiule. — Multiply the excess of the pressure of steam 
above the atmospheric pressure, per square inch, as it 
enters the cylinder, by the tabular coeiEcient opposite 
the given cut-off, pointing off three figures as decimals, 
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and deduct from the pi-oduct the tabular con-ection for 
the same cut-off. 

Mc. — With steam entering the cylinder at a pressure 
of ninety pounds to the square iueh, and cut off at three- 
tenths {^■) stroke, what is the mean pressm-e ? 

Cal, — For nnjacketed cylinder. By Table IX. the co- 
efficient for ^j stroke=.639. Correction for same=5.307. 
Then ,639x90=57.610; 57.510—3.307=52.203 poundi 
Ans. 

Cal. — ^i^or jacketed cylinder. By Table IX. the coeffi- 
cient for -^ stroke is— .648. Correction for 9ame=5.174. 
Then, 648x90=58.320; 58.320—5.174=53.146 pounds. 
Ans. 

The " indicated '" power of a steam-orgine is eipiai to 
the product of tlio area of the piston in inches, the 
pounds pressure of the steam per square inch, and the 
distance travelled by the piston in one minute. The 
effective power in excess of back pressure, loss and con- 
densation in well-constructed engines is usually about 
eicfbty-four (.84) one hundredth of the indicated or theo- 
retical power. The nominal power bears no flsed relation 
to the indicated, nor to the effectn c power. In caloula^ 
ting the nominal power, the mean effective pressure in 
low pressure engines la assumed to be seven (7) pounds, 
and in high pressure engines twenty-one (21) pounds. 
The nominal velocity of the piston, whether in high or low 



pressure engines, 



s 128 times the cube root of the stroke 



The range is from 120 to 300 feet per minute. 
In practice the piston not unfrequently is made t'o travel 
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900 feet and upwards a minute. Experience has deter- 
mined no limit beyond which it cannot be run with 
advantage. 

The total heat of combustion estimated in pounds of 
■water raised 1° Fahr. is 14,500 times the weight of fuel 
—pure carbon. Tliis is equivalent to 11,194,000 foot 
pounds of work per pound of fuel. It is also equivalent 
to 966 times the weight of water which the same fuel 
will evaporate from 212" Fahr. In practice, not usually 
over six per cent, of this immense expenditure of heat is 
economized. From five to seven pounds of coal, or from 
20 to 30 pounds of pine wood, ordinarily ai-e allowed to 
the horse-power per hour. But in the best examples of 
modern practice a horse-power per hour, with an expend- 
iture of from three to four pounds of good coal, is not 
iiTifrequent. The Babcock & Wilcox engine in the Druid 
Mill, near Baltimore, develops power for 2.24 pounds 
of chestnut coai per horse-power perbour, which is prob- 
ably the best result yet attained in stationary engines. 
It may further be remarked that in practice, "for each 
nominal horse-power, a boiler requires one cubic foot of 
water per hour, one square foot of fire-grate surface, one 
square yard of heating surface, one cube yard capacity, 
twenty-eight inches flue area." Or for each nominal 
horee-power a tubular boiler, worMng to about double its 
nominal horse-power, requires one cubic foot of water 
per hour, ten square feet of heating surface (the whole 
tube surface being taken as efiective), one-half square 
foot of fire-grate, ten square inches sectional area of. 
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tubes, thirteen square inches flue area, six square inches 
chimney area, eight cube feet total boiler capacity and 
two cube feet of steam room. 

The diameter of two cylinders being the same, for 
instance, six inches each, and the length of strolie of one 
ten incljes, and of the other fourteen inches, tlie power 
of each, theoveticaliy, will be the same, the velocity of 
piston being the same. In practice, there is a slight, and 
but a slight, percentage in favor of the longer cylinder. 
In two cylinders, one being ten inches and the other 
twelve inches in diameter, and each twenty-four inches 
long, and their pistons run under the same pressures per 
square inch, and at the same velocities, their inside rel- 
ative friction would be as 28 to 30, and aside from this 
small difference, their relative powers would be as 2S to 
36. Again, in two cylinders, one sixteen inches and the 
other twenty inches diameter, each forty-eight inches 
long, run under similar circumstances, the inside relative 
friction will be as 100 to 125, while their respective 
powers will be as 100 to 156i. This small difference in 
friction, as compared to the whole, is not generally taken 
into account. 

To find the effective horse-power of a non-condensing 
steam-engine : 

Sule. — Multiply four times the square of the diameter 
of the piston in inches by the product of the number of 
revolutions, length of stroke in feet, and the average for- 
ward pressure of steam in pounds per square inch above 
atmosphere, pointing off five figures as decimals. 
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Ex. — What ia the effective horee-power of an engine, 
the diameter of the piston being sixteen inches, thG 
length of stroke three feet, tlie number of revolutions fifty 
per minute, and the average forward pressure, above the 
atmoaphenc pressure, seventy-one pounds per square inch. 

Cal 16x16x4x50x3x71 — 109.05. 

Me. 2. — What is the effective horse-power of an engine, 
the diameter of the piston being twelve inches, the length 
of stroke two feet, the pressure of steam as it entei-s the 
cylinder sixty pounds in excess of atmospheric pressure, 
cut-off at one-half stroke, and making seventy-five revo- 
lutions per minute ? 

By Table IX. coefficient for \ stroke— .833; correc- 
tion for S3me = 2.455; .633 X 60 — 49.980, 49.980 = 2.455 = 
41.525 average pressure. Then 12 x 12 x 4 x 47.525 x 2 x 
75=88.59 horee-power. Ans, 

NITROGLYCERINE. 

Nitro- Glycerine has for its formula Cj N, Hj Oj, which 
by composition is carbon 17.06, nitrogon 19.91, bydro- 
gen 2,36, oxygen 60.66. 

iVeparoiJoji.— Syrup of Glycerine is slowly dropped 
into a mixture composed of equal volumes of nitric and 
sulphuric acids contained in a strong vessel surrounded 
by ice. The mixture ia thoroughly agitated after each 
addition of the syrup. The nitro-glycerine of an oily 
forai is removed from the surface and repeatedly wasiied 
with clean water. It is sometimes dissolved in alcohol or 
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ether, and precipitated with water. The only precaution 
necessary in its preparation is to keep it cold. 

I^operties. — It is a pale yellow liquid, heavier than 
■water, inodorous when pure ; has a sweet, pungent and 
aromatic taste. It is poisonous, producing headache 
when placed even in small quantities upon the tongue, 
or when its vapors are inhaled. Its explosive power is 
aljout ten times that of ordinary blasting powder. It 
explodes when pure and at a moderate temperature by 
concussion alone. It is soluble in pyroligneous acid, and 
when in solution is not explosive. Water precipitates it 
from, its solution. 

Advantages,'~\&%, It requires a smaller hole than gun- 
powder.~2d. It obviates tamping, as water is employed 
to fill the holes. — 3d. If used extensively it would be 
cheaper than gunpowder. — 4tb. It may readily be ex- 
ploded in water. — 5th. It can easily be manufactured at 
the mine or place where it is to be used. 

JDisadvantaffea. — 1st. It (when pure) explodes by con- 
cussion alone. — 2d. It (when impure) is liable to explode 
spontaneously.— -3d. It explodes at a temperature of 300° 
Fahr. — 4th. It is poisonous, as also are its vapors, thus 
rendering its use impracticable in narrow subterranean 
workings, especially if they are not well ventilated. 
However, when it is better understood these disadvan- 
tages may be removed. 
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TABLES. 

TABLE L 

Shearing the best velocities of various water-wheels a 
lompared with the supply velocity ; 

Undershot and low breast, at circumference .50 
Turbines, at the middle of ring of buckets. . ,65 

Reaction, at circnmforence 97 

Central discharge (common) 60 

Overshot, at circumference 50 



TABLE II. 

Showing the average efBcieney of various water-wheela 
running under favorable circumstances as found by es- 
perience: 

Undershot, having flat radial floats 35 

Poncelet, improved undershot 60 

Turbine (for example Jonval) 68 

Reaction (for example the Scotch Turbine) . .66 

Central discharge (common) 55 

Overshot and Breast (that part of fall act- 
ing by weight) 18 

Overshot and Breast (that part of fall act- 
ing by impulse) 40 
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TABLE III. 

Showing the relative velocities with which water, un- 
der a constant head, will flow through differently formed 
apertures : 

Theoretical velocity. =8. 

Velocity through a thin plate =5. 

Velocity through a tube two or three di- 
ameters in length projected outward=6,5 
Velocity through a tube of the same 

length projected inward. =5,45 

Velocity through a conical tube of the 

form of the contracted vein =7.9 



For estimating the velocity wilh which water will flow 
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Showing the heads of water necessary to maintain dif- 
'erent velocities of water in one hundred feet of pipe : 
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v. represents the velocities in feet per minute. C 
represents the constant numbers for these velocities. 
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TABLE VI. 
Showing tbe coBstant iiumberB for different diameters: 



D. 


c. 


D. 


0. 


p. 


c. 


4 
5 


.oz8 
■053 


6 

7 


.078 
.104 


8 


■134 



D. represents tlie diameter of the pipe in inches. C. 
represents the constant numbers for the diameters. 

tabu: VII. 

Coefflcienta for estimating the horse-power of water- 
wlieels : 
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TABLE VIIL 
Showing the pressures, temperatures and volumes of 
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Remaki;. — III the ahove table, P. denotes the total 
pressure in pounds per square inch ; T. the correspond- 
ing temperature, Fahr. ; and V, the volume of the steam 
compared to the volume of the water tbat has produced 
it. 
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TABLE IS. 

For estimating the mean pressure of steam for » giveo 
cut-off of stroke : 
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i foot per second will scour flue clay. 

i " " " " " sand. 

J " " " " coarse sand. 

" " fine gravel. 

" " round sbingle one inch diam, 

" " angular stones, size of an egg. 

" " conglomerate. 

TABLE XL 

MEASURES OP KOCK, EARTH, Kia 

25 cuHo feet of Band=l ton. 

18 cubic feet of earth — 1 ton. 

11 cubic feet of clay=l ton. 

13 cubic feet of quartz, unbroken in lode— 1 ton. 

18 cubic feet of gravel or earth, before digging=27 cubic 
feet when dug, 

20 cubic feet of quartz, broken (of ordinary fineness com- 
ing from the lode) =; 1 ton contract measurement. 



HAEDNESS OF MINEEAL8 — MAP-SCALE. 

1. Talc ; common laminated, light-green variety. 

2. Gypsum ; a crystallized variety. 

3. Calcareous spar ; transparent yariety. 
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4, Fluor-spar; crystalline variety, 

6, Apatite ; transparent variety. 

6, 5 Scapolite; crystalline variety. 

6. Feldspai-; white eleavable variety. 

7. Quartz; transparent. 

8. Topaz; transparent. 

9. Sapphire ; cleavable varieties. 
10. Diamond. 

Note. — Care must be taken to apply the file to edge* 
of equal obtusene^. 

MISCELLANEOUS XIIL 

5760 grains=l pound troy— 1 pound apothecary 

460 grains=l ounce troy = l ounce apothecary, 

12 ounces=.l pound troy:=l pound apothecary, 

7000 grains=:l pound avoirdupois. 

437.5 grain8=l ounce avoirdupois. 

16 oances avoirdupoi8=l pound avoirdupois. 

252,458 grains— 1 cubicinchdistilledwater, English stan- 
dard 62° Fahr., barometer at 30 inches. 

252,693 grai!is=l cubic inch distilled water, U. S. stan- 
dard 39,33° Fahr., barometer at 30 inches. 

27.7015 cuhie inches distilled water=l pound avoirdu- 
pois. 

1 cuhic foot distilled water=62.,'J7929 pounds avoir- 
dupois. 
RsMABE. — In ordinary calculations a cubic foot of 

fresh water is taken at 62.5 pounds avoirdapoia. 
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1 cubic foot of salt or aea water=64,3 pounds avoir- 
dupois. 
231 cubic inches=8.388823 pounds avoirdupois— 1 gallon 

U. S. standard. 
277.274 cubic inehe8=10 pounde avoii'dupois=l gallon 

impeiial. 
221.184 cubic inche8=8 pounds of pure water at its mfts- 

imum density=:l gallon N. Y. statute measure. 
2160.42 cubic inches =77. 62 7 41 3 pounds avoirdupois^ 

1 bushel U. S. standard. 
Rbmask. — The dimensions of the bushel measure are 
18.5 inches diameter inside, 19.5 inches outside, and 8 
inches deep ; and when heaped the cone must not be less 
than 3 inches high, equal to 2747.7 cubic inches for a 
true cone. 
2211.84 cubic incheB=80 pounds of pure ^ater at its 

maximum density=I bushel State of New York 

standard. 



1 grain gold 1,000 fine 


^ 


$ .0430663 mint value. 


1 grain silver 
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S: 


.0026936 
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1 grain copper 
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-= 


.0000595 
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1 ounce gold 
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20.671791 


" 


1 ounce silver 


" 


= 


1.292929 


« 


1 ounce copper 


" 


= 


.028571 


" 



R.BMAEK. — Gold and silver, pure, are said to be 
fine, or 24 carats fine. 

The standard fineness of the United States coin it 
or 24 X .900= 21.6 carats fine. 
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QTJAETZ MIITOTQ MACHmEHT. 



The undersigned would respectfully gtate that he ia 
prepared to manufacture and furoish at the lowest prices 
all kinds of Quartz Mining Machinery ; to superintend 
its erection; to furnish drawings, specifications, and 
estimates for the same. Also to visit, survey, examine 
and report on mines with a view to their character, 
probable value, and the best methods fot their devel- 
opment and the working of theb- ores. 

P. M, Randall, 

44 Courtland Street, Kew York. 
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CATALOGUE 



Scientific Books, 



PUBLISHED BY 



D. Van Nostrand, 

aj MURRAY STREET and 27 WARREN STREET, 
PUBLISHER, IMPORTER and BOOKSELLER. 




NEW YORK: 

18.70. 



*,* Copies of this Catalogue, and also Catalogue of MiHtarj 
and Naval Books, will be sent post-paid to any address on 
aouli cation. 
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D. VAN NOSTRAND, 

33 MURRAY STREET AND 27 WARREN STREET, 
NEW YORK, 

PUBLISHES, IMPORTS, AND OFFERS FOR SALE, AT 
WHOLESALE AND RETAIL, 

Works on Architecture, Carpentry, Building, Decorative Arts, 
Painting, Photography, Drawing, Cabinet Work, Astronomy, 
Navigation, Meteorology, Naval Architecture, Mechanics, Engi 
neering. Chemistry, Physics, Microscopical Science, Brewing, 
Distilling, Wine Making, Iron and Steel, Coal, Coal Oil, Gas, 
Geolog)', Mineralogy, Mining, Metallui^, Hydraulics, Hydro- 
Efatics, Electricity, Electric Telegraph, Magnetism, Natural Phi- 
losophy, Technology, Mathematics, Dyeing, Calico Printing, 
Leather Dressing, Sugar Manufactures, Cosmetics, Soap, Candles, 
Perfumery, Clock and Watch Making, Manufactures generally, 
and Works of Reference. 

*** General Catalogue of the above works, 64 page: 8ctf, itnt 
t» any addreii sn receipt of ten cents. 
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4BB0T (H. L.) Siege Arrillerj' in the Campiign against 
Richmond, with Notes on the 1 5-inch Gun, including 
an Algebraic Analysis of the Trajectory of a Shoe in ita 
ricochet upon smooth water. Illustrated with detailed 
drawings of the U S. and Confederaie rifled projectiles. 
By Henry L. Abbot, M3J. of Engineers, and Bvt. Maj.- 
Generai U. S. Vols., commanding Siege Artillery, 
Armies before Richmond- Paper No. 14, Professional 

Papers, Corps of Engineers. 1 vol. 8vo, doth $3 • S^ 

ALEXAHDES (J. H.) Universal Dictionary of Weights 
and Measures, Ancient and Modern, reduced to the 
standards of the Jnited States of America. By J. H. 
Alexander. New edition, enlarged. 1 vol. 3vo, cloth. 3.50 
ilENET (S. V.) Electro-Ballistic Machines, and the Schultz 
Chronoscope. By Brevet Lieut.-Colonel S. V, Benet. 

1 vol. 4to, illustrated, cloth 4,00 

BROOKLYN WATER WORKS. Containing a Descrip- 
tive Account of the Construction of the Works, and 
also Reports on the Brooklyn, Hartford, Belleville, and 
Cambridge Pumping Engines With illustrations, i 

vol. folio, cloth 15,00 

fiXJRQH (N. P.) Modern Marine Engineering, applied to 
Paddle and Screw Propulsion. Consisting of 36 colored 
plates, 259 Practical Woodcut Illustrations, and 403 
pages of Descriptive Matter, the whole being an ex- 
position of the present practice of the following firms: 
Messrs. J. Penn & Sons ; Messrs. Maudslay, Sons Sc 
Field 1 Messrs. James Watt & Co.; Messrs. J. & G. 
Rennie; Messrs. R. Napier & Hons ; Messrs. ]. fc W. 
Dudgeon [ Messrs, Ravenhill & Hodgson [ Messrs. 
Humphreys & Tenant ; Mr. J, T. Spencer, and Messrs. 
Forrester & Co. By N. P. Burgh, Engineer. In 1 thick 

vol. 4to, cloth 30.00 

Do. do. b»ii morocM 35-oo 
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OAUPIH on the Construction of Iron Roofs. By Frand) 

Campin. Svo, with plates, cloth $3-^ 

CEATIVENET (Prof. Wm.) New Method of Correcting 
Lunar Distances, and Improved Method of Finding the 
Error and Rate of a Chronometer, by equal altitudes. 
By Wm. Chauvenet, LL. D. I vol. Svo, cbth 2.oo 

CLOVQH (A. B.) Contractors' Manual and Builders' Price- 
Book. By A. B. Clough, Architect. i vol. i8mo, 
cloth 75 

COLBURN (Zerah). Engineering— an Illustrated Weekly 
Journal, conducted by Zerah Colburn, London. 31 
pages folio. Is promptly received here by weekly 

Steamers. Price, per annum 15 .OO 

"ma U the ablsBt EsginsiinDg papn- published, BDd la ediliMl h; dss of th* lieM 

known icleiilillo men of Ihe da;. II 1b Unely aud profuBsI; lllnslraleil, Hud prlDled la Um 

COLBURN. The Gas Works of London. By Zerah Col- 
burn, C. E. 1 vol. i2mo, boards 75 

CBAIO {B. F.) Weights and Measures. An Account of 
the Decimal System, with Tables of Conversion for 
Commercial and Scientific Uses. By 15. F. Craig, BL 
D. 1 vol square jzmo, limp cloth JO 

COPFIN. Navigation and Nautical Astronomy; pre- 
pared for the use of the U. S. Naval Academy. By 
Prof. J. H. C. Coffin. 4th edition enlarged. 1 2ino, 
doth 3 . SO 

!^UANCIS, Lowel! Hydraulic Experiments, being a gelec'- 
tion from Experiments on Hydraulic Motors, on the 
Flow of Water over Wiers, in Open Canals of Uniform 
Rectangular Section, and through submerged Orifices 
•nd diverging Tubes. Made at Lowell, Massachusetts. 
By James B. Francis, C. E. 2d edition, revised and 
enlai^d, with many new experiments, and illustrated 
with twenty-three copperplate engravings, i vol. ^.to, 
doth 15.0* 
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FBAHCIS. On the Strength of Oast-Iron Pillars, with Tables 
for the use of Engineers, Architects, and Builders. By 
James B. Francis, CiTil Engineer, i vol. 8vo, cloth. , $z.oo 

"A BcientiBc treatiso of ineEtJma.blc volua Co ttmse G>r whnm 11 IB lnt«Dded."— BsiION 
DadirAdmnCsa: 

GIILMOEi: (Gen. Q^A.) Treatise on Hmes, Hydraulic 
Cements, and Mortars. Papers on Practical Engineer- 
ing, U, S. Engineer Department, No. 9, containing 
Ecports of numerous Experiments conducted in New 
York City, during the years 185S to 1861, inclusive. 
By Q^ A- Gillmore, Evt. Maj.-Gen , U. S. A., Major, 
Corps U- S. Engineers. With numerous illustrations. 
1 vol. 8vo, cloth 4.00- 

" Tliis work contiiins a record of cerlnln eipBriments nnd rMeacohos mate under the 
»nUiorit7 0f Iha Engiaooc Bureau of Ihe IVai Deparlmont frnm 1858 to]861,Qpon theytt- 
rioua hydi-aiilio ceraoala of Iho United States, aart the materials for tlielr manuiactUM 



HASRISOIT. The Mechanics' Tool Book, with Practical 
Rules and Suggestions for Use of Machinists, Iron 
Workers, and others. By W. B. Harrison, associate 
editor of the " American Artisan." Illustrated with 44. 
engravings. 1 2mo, cloth 3 . JO 

EIS9EICI (Olaus). Skeleton Structures, especially in their 
application to the Building of Steel and Iron Bridges. 
By Olaus Henrici. With folding plates and diagrams, 

I vol. 8vo, cloth 3 .00 

(Wm.) Principles and Practice of Embanking 
Lands from liiver Floods, as applied to the Levees of 
the Mississippi. By William Hewson, Civil Engineer. 
1 vol. 8vo, cloth 2.00 

lis is a ralusble treatise on tbe principles and prsctlGS of emlianking iaods Ihiiii 
floods, SB applied w Levees of tlie MlSBissippi, by a higWy Intelligent andoipert- 
ciiEtoeer. Tlie author soys tt Is b first atlempt 10 reduce to order and to role tlia 
., eiBCution, ana measurement of Om Loveos ot tbo illsBlssippl. It is n meal iieeral 
Mded coutrtbulton to B^ontiSo literature."— J^itnJelpMi Eixumij Journal, 
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EOLLEY (A. L.) Railway Practice, American and Euro- 
pean Kailway Practice, in the economical Generation of 
Steam, including the Materials and Construction of Coal- 
burning Boilers, Combustion, the Variable Blast, Va- 
porization, Circulation, Superheating, Supplying and 
Heating Feed-water, fee, and the Adaptation of Wood 
and Coke-burning Engines to Coal-burning ; and in 
Permanent Way, including Road-bed, Sleepers, Rails, 
Joint-fastenings, Street Railways, &c,, Sec. By Alex- 
ander L. Holley, E. P. With 77 lithographed plates. 
1 vol. folio, cloth $i>.oe 

• • • "All tbeso subjcnie ars treated by thaanllior Inbolh ra intoUigcnt Euid Inlel 
Itgtblo maunBt. The facta ami ideas are well aj-rangod, and preaoqtod in a oloar uid iin. 
pLe Blyle, accompanied by beautiful e^mrayluga. aud we prMume the work irill be re- 
garded as indispensable by all wlio are inlorested Id a knowledge of Ihe construollon d 
railroads and rolling slock, or the working of looomotivea." — Seienii^o Ameriam, 

HTJHT (E. M.) Designs for the Gateways of the Southern 
Entrances to the Centra! Park. By Richard M. Hunt. 
With a description of the designs. I vol. 4to, illus- 
trated, cloth 5 00 

Kino (W. H.) Lessons and Practical Notes on Steam, 
the Steam Engine, Propellers, &c,, fee, for Young Ma- 
rine Engineers, Students, and others. By the late W. 
H. King, U. S, Navy. Revised by Chief Engineer J. 
W. King, U. S. Navy. Twelfth edition, enlarged. 8vo, 
cloth '. 2.(fO 

"Tbis IS the tirelftb edition of a TSlunble worlc of Ihelols W. H. King, U. 3. Navy. It 

calonlatod to bo of great vise to young marine engineers, studenla, and olhere. The te» 
Is lUostraled and explained by numerous diaarama and roproaentatioiis of machinery, 
Thjsuetr edition has been revised luiJ enlarged by Chief Engineer J. W. King, U. S. Navy, 
brother to the deceeaed author of thayPor^"—'Biafoa Daily Advertaer. 

Mccormick (R. C). Arizona : Its Resources and Pros- 
pects. By Hon. R. C. McCormick. With map, 8vo, 
P«PM * '5 
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MINIFIl (Wm.) Mechanical Driwing. A Text-B«A 
of Geometrical Drawing for the use of Mechanics and 
Schools, in which the Definitions and Rules of Geometry 
are familiarly explained ; the Practical Problems are ar- 
ranged, frojn the most simple to the more complex, and 
in their description technicalities are avoided as much 
U possible. With illustrations for Drawing Flans, Sec- 
tions, and Elevations of Buildings and Machinery; an 
Introduction Co Isomctrical Drawing, and an Essay on 
Linear Perspective and Shadows. Illustrated with over 
zoo diagrams engraved on steel. By Wm. Minific, 
Archite^;!. Seventh Ediibn. With an Appendix on 
the Theory and Application of Colors, i vol, 8vo, 
cloth $4 OS 

WILLIAMSON. Practicai Tables in Meteorology and 
Hypaomctry, in, connection with the use of the 
Barometer, By Col. R. S. Williamson, U. S. A. 
1 vol. 4to, flexible cloth a . 50 

CULLEY. A Hand-Book of Practical Telegraphy. By 
R. S. Culley, Engineer to the Electric and Interna- 
tional Telegraph Company. Fourth edition, revised 
and enlarged, 8vo. Illustrated. Cloth S-OO 

POPE. Modern Practice of the Electric Telegraph. For 
Electricians and Operators, By Frank L. Pope. 
Illustrated. 8vo, cloth 1.50 

MIUIFIE (Wm.) Geometrical Drawing. Abridged from 
the Octavo edition, for the use of Schools. Illustrated 
with 48 steel places. Fifth edition, 1 vol. i2mo, half 
w«n 1.50 

<■ R IB wan sdspMd u a Mit-book of dratrlng to IM uied In our High Soliaoto uil 
ludsmies where tbia DaeM btancb of Ibo Boa uU haa be«n bltherlo tmmuAmt- 
l«lid,'' — Bctlan Jaunal. 
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PIERCE (Prof. Eerj.) System of Andylical Mechanic*. 
Physical and Celestial Mechanics, by Benjamin Pierce, 
Perkins Professor of Astronomy and MatKematics in 
Harvard University, and Consulting Astronomer of the 
American Ephemeris and Nautical Almanac. Developed 
in four systems of Analytical Mechanics, Celestial Me- 
chanics, Potential Physics, and Analytic Morphology. 
1 vol. 4to, cloth $10.00 

"IbaTera-oiaminodtlieiDoloolreof UiegreatgoonieterB, andhsTB slrivon W odhboU. 
date tliair latest researcliea aud liieit most esallail roririB ot tboi'glit into a couBialflDt anil 
nniltiria Icaatiae. IT I ba.ve hereby succeeded ta oponiiiE to the stndoiils or my countrr a 
readier BcceEa to these choice Jewels of intellect; iCl^sir brilliancy is not Impaired in tlili 
attempt to reset them; If, hi their own couElfillalioD, thoy illustrate each otiier, Bad coa- 

which I may have praaumel to Bdd is not whollj' Imti-Eleaa in the coJectloH^ silsll ted 
Uiat my work hua not^ea Invain." — EstraelfrmaGie Ptvface. 

PLYMPTOIJ. The Blow-Pipe ; a System of Instruction in 
its Practical Use, being a Graduated Course of Analy* 
sis for the Use of Students and all those engaged in the 
Examination of Metallic Combinations. Second edi- 
tion, witli an appendix and a copious index. By Geo. 
W, Piympton, of the Polytechnic Institute, Brooklyn. 
I vol. izmo, cloth 2.00 

POOK (S. M.) Method of Comparing the Lines and 
Draughting Vessels Propelled by Sail or Steam. In- 
cluding a chapter on Laying off on the Mouid-Loft 
Floor. By Samuel M. Pook, Naval Constructor. I 
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KOGERS (H. D.) Geology of Pennsylvania. A complete 
Scientific Treatise on the Coal Formations. By Henry 
D- Rogers, Geologist 3 vols. 4to, plates and maps. 
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I PUBHOAMOim. 

SUBWARINE BLASTING IS BOSTON HARBOR, 
M&SSACHXI5ETTS. Removal of Tower and Cor- 
win Rocks, By John G. Foster, Lieutenant-Colonel 
of Engineers, and Brevet Major-Gen eral, United 

States Army. With iliustrations. 4 to, cloth ^3-50 

SHAFFBEa (T. P.) Telegraph Manual. A comFlete 
History and Description of the Semaphoric, Electric, 
and Magnetic Telegraphs of Europe, Asia, and Africa, 
with 625 illustraiions. By Tal. P. Shaffiier, of Ken- 
tucky. New edition. 1 vol. 8vo, cloth, 850 pp. .. . 6.50 
SILVEaSMITH (Julius). A Practical Hand-lJook for Mi- 
ner SJetailurgists, and Assayers, comprising the most 
enis in the disintegration, amalgama 
d parting of ihe Precious Ores, with a 
C Digest of the Mining Laws. Grealli 
g m ed, and corrected. By Julius Silver- 
m F dition. Profusely illustrated. I vol. 
m h 3.00 

1% H t for Mine™, Melallurelate, and AsEayore,' by Mr.Jnlloa 

CO iloraUire of the country. 11 will ba found of equal raluo 10 

one go er as actnnl workers, at as owners or shareholdera io mning 

po ranmt of lite geolog7 of metels, quite SDQcicnt for practicut 

rod from Uie best antborltics. It treula of miniag id all Its 

OS an inolals. claaajfylug tho soverol kinds of veins and doposlta, 

xb es In U3S in tbo exploration of mities, tutmela, ebalts, ndits, 

ad ea y illuBtrated by cute, wblch must Dsalat tha maily contpre. 

large number of tbR HEW processes and Inventions Ibr treating ores, eapeoisllylboeodfibe 
precious metals, the booli cnnoludes witb an exposition of the mlDiog kwa of Uw Psciflc 
BtaK« and Teirltoiiea."— iftui Fur* SeraM. 

■itfBMAEINE WARFARE, Offensive atid Defensive, 
including a Discussion of the Offensive Torpedo 
System. By Lieut. -Commander ]. S. Barnes, U.S.N. 
With illustrations. 8vo, cloth 5.00 
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D. VAN NOSTEAKDS PUBLICATIONS. 

PIATTKEE'S BLOW-PIPE ABALTSIS. A Complete 
Guide to Qualitative and Quantitative Examinations 
with the Blow-Pipe. Revised and enlarged by Prof. 
Richter, Freiberg, Translated from the latest Ger- 
mati edition by lienry B. Cornwall, A. M., E, M. 
In Prsss 

BPHEaiCAL ASTEOSOMY. By F. Brunnow, Ph. Dr. 
Translated by the Au'hor fram the Second German 
edition.- I vol. %vo, cloth $6.50 

STILLMAN (Paul). Steam Engine Indicator, and the Im- 
proved Manometer Steam and Vacuum Gauges — their 
Utility and Application. By Paul Stilhnan. New 
edition. I vol. izmo, flexible cloth i.ao 

'"His porposo of Uil3 useM volutoo i3 to bring lo tlia notlcB of ilio namwons obtSB ol 
Iboae Inlorcstea io Uio buHfllng and thense of Eteam unglnes, the economy and Barely attend- 
fng Uie Dse of the InslrDment tlieiela descrilierl. Tbo MaDomcter lias been long used.~tlM 
Insentot Is Wott in a cruder fonn; and tho lorma herein deacribed are pitcnlod bj tht 
author. Tlie langua^ of thQ anlbnrf tJlo dla^ams, and the aclontldo mode of tre&tmon^ 
recommend the book to Uis carefnl coa3ideTa,t!oii of all vbD bavo enginea in their care."— 
Bttston Post. 

SWIET (S. H.) Special Report on Coal; showing its Dis- 
tribution, Classification, and cost delivered over difFerent 
routes to various points in the State of New York, and 
the principal cities on the Atlantic Coast. By S. H. 
. Sweet. With maps, 1 vol. 8vo, cloth 3.00 

WILLIAHSOH. Practical Tables in Meteorology and 
Hypsometry, in connection with the use of the 
Barometer. By Col. R. S. Williamson, U. S. Army. 
4to, flexible cloth 2.50 

WA1.KEE, (W. H.) Screw Propulsion. Notes on Screw 
i'ropulsion, its Rise and History. By Capt. W, H. 
Walker, U. S. Navy, i vol. 8vo, cloth 75 

"AftflT tboroi^bjy demonstratlDg the elQcloncy of tho screv, Mr. Walker prncoodfl to 
point out the Tarloas other poiols to bo attouflpd to in order to Bocure aa cfadenl man-tif- 
WBr,Had«ulogJgsathrouehoiit the readlneMof the British Admiralty to tost erory nov- 
ettjr oaJoulatBd in rIvb nntisfnotory reBuIla. * ■ « • Cnminander Wallier'a book con- 
\aim nnimmoEBB amount of oonolBO prMtioal dala, and every Item of iutormatkia re- 
eordcd folly provea that the variuu.') pointa liearhig npoB It h.-ivo bMB 
HmrhHiEJf to flxineaslnfl on opUiion.^*— rLon^w JJi/Rnp JournaL 
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Ward Q. H.) Steam for the Million. A popular Trea- 
tise on Steam and its Application to the useful Arts, ei- 
pecially to Navigation. By J. H. Ward, Commander 
U. S. Navy. New and revised edition, i vol, 8vo, 
cloth $1.00 

WElSBaCH (Julius). Principles of the Mechanics of Ma- 
chinery and Engineering. By Dr. Julius "Weisbach, of 
Freiburg. Translated from the last German edition. 
Vol. 1. 8vo, cloth 10.00 

WHILDEN (J. K.) On the Strength of Materials used in 
En^neering Construction. By J. K. Whilden, 1 vol, 
i2mo, cloth 3. 00 

"Wb 9nd In this work Isblos of the (Fnsilo strongth of timber, labials, Elonns, wire, 
rope, hempen cable, elrougtli ot tbln cylladere of cheI Iron; modiilua of elafitlcltf, 
itreugth of thick cylinders, OS oflnn[]n,&c., efl^utsof rDheating, etc., rMiatants of timber, 
metals, aqd atone to cnisbing; cxporloienlfi on brlck-work; atten^h of pillars, collapse of 

of unilbrm slreng^b; table of ooeOlcleuts of timber, stone, aod Iron; roIatlTe atreogth of 
vreiphi ID caat-lron, transverse strength of alloys; oxpoiimenta on wrought end cast-lrOD 
bfotns; lattice girdeia, trussed cast- Iron girders; dsOectloD of bcatos; toritiunal etrcigtb 
aud uirslonalelEiatielty."— .imeicon Jrlton. 

WHITHEY (J. p.) Colorado, in the United States of 
America. Schedule of Ores contributed by sundry 
persons to the Paris Universal Exposition of 1867, with 
some Information about tlie Region and its Resources. 
By J. P. Whitney, of Boston, Commissioner from the 
Territory. Pamphlet 8vo, with maps, London, 1867. 15 

Silver Mining Regions of Colorado, with some ac- 
count of the diifercnt processes now being introduced 
for working the Gold Ores of that Territory. By J, P. 
"Whitney. 1 2mo, paper 15 

WILLIflLMSOSt (R, S.) On the Use of the Barometer on 
Surveys and Reconnaissances. Part I. Meteorology in 
its connection witli Hypsometry. Part II. Barometric 
Hypsometry. By R. S. Williamson, Bvt. Lieut. -Col. 
U. S. A., Major Corps of Engineers. With Illustra- 
tive Tables and Engravings, Paper No. 1 5, Profes- 
sional Papers, Corps of Engineers, i vol. 4to, cloth. 1 5.00 
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aOEBLITTQ (J. A.) Long and Short Span Railway 
Jjridges. By John A. Roebling, C. E. Illustrated 
wilK large copperplate engravings of plans and views. 
Imperial folio, cloth $2 5.0a 

CLAEKE (T. C.) Description of the Iron Railway 
Bridge over the Mississippi River, at Quincy, Illi- 
nois. By Thomas Curtis Clarke, Chief Engineer, 
llluslrated with 27 lithographed plans, i vol. 8vo, 
cloili 7 , 50 

TXnmBB (P.) A Treatise on RolUTuming for the 
manufacture of lion. By Peter Tunner. Trans- 
lated and adapted by John B, Pearse, of the Penn- 
sylvania Steel Works, with numerous engravings 
and wood-cuts, i vol, 8vo, text, and fol, vol. Plates, 
cloth 10.00 



3 (B. F.) Engineering Precedent-s for Steam 
Machinery. Arranged in the most practical and 
useful manner for Engineers. By E, F. Isher- 
wood, Civil Engineer, U. S. Navy, With illustra- 
tions. Two volumes in one. 8vo, cloth 2 . 5c 

jSATTEEMAN. Treatise on the Metallurgy of Iron, con- 
taining outlines of the Histoiy of Iron Blanufacture, 
methods of Assay, and analysis of Iron Ores, pro- 
cesses of manufacture of Iron and Steel, etc., etc 
By H, Bauerman. First American edition. Re- 
vised and enlarged, with an appendix on the Martin 
Process for making Steel, from the report of Abram 
S. HewitL Illustrated with numerous wood engra- 
vings. 1 2mo, cloth 3.50 

FEET, Manual of Inorganic Chemistry for Students. 
By the late Dudley Peet, M. D. Revised and en- 
larged by Isaac Lewis Peet, A. M, 1 8mo, cloth ... 75 
12 
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NUGEHT. Treatise on Optics : or, Light and Sight, the- 
orrtically and practically treated ; with the applica- 
tion to Fine Art and Industrial Pursuits, By E. 
Nugent. With one hundred and three illustrations. 
i2nio, cloth $2.00 

" This booli ta of ft practical ratlior tlian a tbeoretical kind, and is deaignel to affbrd 

SABINE. HISTOHY AND PEOGEESa OF THE ELEO- 
TEIC TELEGEAPH. By Robert Sabine, C.E. 2d 
edition, with additions. Fully illustrated, izmo, clo. 1.75 

QLYHIJ {J. ) Treatise on the Power of Water, as applied 
to drive Flour Mills, and to give motion to Tur- 
bines and other Hydrostatic Engines. By Joseph 
Glynn. Third ediEion, revised and enlarged, with 
numerous iUu^ations. izmo, cloth i-^S 

PRIME. TEEATISE OH DEE DEPOSITS. By Bern- 
hard Von Cotta. Translated from the Second Ger- 
man edition by Frederick Prime, Jr., Mining Er^- 
neer, and revised by the Author. With numerous 
illustrations. 8vo, cloth 4 .00 

HTJHBES,. A Handy Book for the Calculation of Strains 
in Girders and similar Structures, and their Strength, 
consisting of Formula; and corresponding Diagrams, 
with numerous details for practical application. By 
William Humber. izmo, fully illustrated, cloth. . . 2.5( 

GULMOEE. Engineer and Artillery Operations against 
Charleston, 1S63. Bjr Major- General Q. A. Gill- 
more. With 76 lithographic plates. 8vo, cloth . . . 10.00 

. ■■ Supplementary Report to the above, with 7 litho- 
graphed maps and views. 8vo, cloth 5.00 
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